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1.0 INTRODUCTION

URS Consultants, Inc. (URS) has been tasked by the U.S. Environmental Protection Agency 

(EPA) under the Alternative Remedial Contracts Strategy (ARCS) Contract Number 68-W9-0053 

to conduct a Site Inspection Prioritization (SIP) (Work Assignment Number 21-8JZZ) for the 

Rico-Argentine (R-A) site (CERCLIS ED# COD980952519) located north of Rico, Colorado, 81332. 

Previous work at the site includes an EPA Potential Hazardous Waste Site - Site Inspection 

Report (Form 2070-13) compiled by State of Colorado, Department of Health (CDH) personnel- 

in June 1984 and a second Form 2070-13 completed by an EPA contractor, Ecology and 

Environment (E&E), in November 1984. An EPA surface water and sediment sampling effort 

was conducted by E&E on November 14, 1984 and an Analytical Results Report (ARR) was 

delivered to the EPA on July 29, 1985. The U.S. Department of the Interior, Bureau of 

Reclamation (BOR) has conducted surface water and sediment sampling on Silver Creek and 

the Dolores River several times a year from 1989 through 1993 (Ecology and Environment (E&E) 

1985; U.S. Environmental Protection Agency (EPA) 1984a; EPA 1984b; U.S. Department of the 

Interior, Bureau of Reclamation (BOR) 1994). This SIP was assigned to a URS investigator on 

April 11, 1994.

2.0 OBTECTIVES

The purpose of this SIP is to review existing data for the A-R site and identify whether data 

gaps exist with respect to the revised Hazard Ranking System (HRS) at the R-A site, and to 

provide sufficient documentation for the EPA to determine the human health and 

environmental impacts posed by the R-A site, thus determining the appropriate future course 

of action.

The specific objectives of this SIP are to:

• Summarize the previous work at the R-A site;

• Identify, quantify (if possible) and characterize source areas attributable to this site;

• ' Identify waste availability to each migration pathway;

• Identify whether there is a potential for, or actual impact on, receptor targets; and

• Identify relevant data gaps for each migration pathway.
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3.0 BACKGROUND

3.1 SITE LOCATION

The R-A site encompasses approximately 75 acres of settling ponds near the east end 

of Dolores County in the Rico Mountains in the southwestern corner of Colorado 

(Figure 1). A total of approximately 2,500 acres of mining operations have been 

consolidated under one ownership (EPA 1984b). The Rico Mountains are a subsidiary 

group of peaks on the southwest fringe of the San Juan Mountains (U.S. Geological 

Survey (USGS) 1974). The legal description for the R-A site is the southeast quarter of 

Section 25, Township 40 N, Range 11 W. The approximate site coordinates are 37° 42' 

05" North latitude and 108° 01' 39” West longitude. The site can be reached by 

proceeding south from Telluride, Colorado on State Highway 145 over Lizard Head Pass 

to Rico or by proceeding north from Cortez on State Highway 145.

3.2 SITE DESCRIPTION

Site description information included here is taken primarily from EPA; CDH; and State 

of Colorado, Division of Mines (DOM) file documents. The R-A site is an inactive 

mining operation located in portions of two drainages, Silver Creek and the Dolores 

River, above the town of Rico. Silver Creek and the Dolores River have their confluence 

within the town of Rico (Figures 1 and 2). The underground mine workings are 

interconnected and the drainage water from the mines is sent to the St. Louis Tunnel 

Adit where it is discharged into a slaked lime water treatment plant and then a series 

of 18 settling ponds before discharging into the Dolores River. The R-A complex has 

had a National Pollutant Elimination Discharge System (NPDES) permit (#CO-0029793) 

for this discharge system since 1976 but has been frequently in violation of permit 

standards (U.S. Environmental Protection Agency, Water Management Division (WMD) 

1994). The discharge has also been regulated under the Colorado Pollutant Discharge 

Elimination System (CPDES). The discharge averages approximately 1.1 to 1.5 million 

gallons per day (MGD) (WMD 1994). The St. Louis Tunnel Adit is approximately three- 

quarters of a mile to the north of Rico (USGS 1960). Near the St. Louis Tunnel Adit on 

the Dolores River are also a large, inactive sulfuric acid plant and two cyanide heap
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leach basins. Approximately one mile northeast up Silver Creek are located another 

series of tailings piles and settling ponds, the Blaine Tunnel and the Rico-Argentine Mill 

(Figure 2). The entire Rico area has been heavily mined in the past. The R-A region 

is primarily Bureau of Land Management (BLM) property located within the San Juan 

National Forest with surrounding peaks up to 14,000 feet above mean sea level (msl) 

and summits in the Rico Mountains over 12,000 feet above msl. The town of Rico and 

the Dolores River settling ponds are at 8,800 feet above msl and the Silver Creek 

operations at 9,200 feet above msl (USGS 1960).

3.3 SITE HISTORY AND PREVIOUS WORK

The early history of the Rico mining district began with prospecting attempts in 1861. 

Eight years later, several claims were staked at the confluence of the Dolores River and 

Silver Creek and the area became known as the Pioneer District. Over the next ten 

years, several additional claims were staked but mining was intermittent. In 1879, rich 

oxidized silver ore was discovered on Nigger Baby Hill and a mining settlement 

established. A few small smelters were built but operations were short-lived. Silver 

production rose to a temporary peak in 1883 and then fell off over the next three years. 

In 1887, a prospect shaft on Newman Hill struck the edge of the richest ore body (a 

blanket-type) ever found in the area and development accelerated. By 1890, the Rio 

Grande Southern Railroad Company completed a narrow-gauge line into the camp and 

the all-time peak of silver production was reached in 1893 (USGS 1905; USGS 1974).

By 1895, exploration and production activity showed signs of abating, partly due to the 

silver panic of 1893 and partially due to exhaustion of the major ore bodies. In 1902, 

all of the important mines in the district were consolidated under the United Rico Mines 

Company which began production of base-metal ores. By 1905, the combined values 

of lead and zinc production exceeded that of silver. Activity in the Pioneer District 

waxed and waned with the economics of mining during the next several years with 

World War I temporarily stimulating production followed by a low ebb in 1921 (USGS 

1905; USGS 1974). The Rico Argentine Mining Company (RAMC) was started in 1915 

with capital from Utah and quickly became a major producer in the district (State of 

Colorado, Division of Natural resources, Bureau of Mines (BOM) 1915).

68-41881.41.00006
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Advances in the metallurgical industry, particularly in flotation processes, made Rico's 

complex sulfide ores more attractive in the mid-1920s. Ores were shipped to custom 

flotation mills in Salt Lake City until 1926 at which time a 250-ton custom mill was built 

at Rico by the International Smelting Company, a subsidiary of Anaconda Mining 

Company. The RAMC, working the south side of Silver Creek, was one of the major 

producers during this period. Base-metal peak production occurred in 1927, by 1928 

the custom mill in Rico had shut down, in 1929 the Depression drove down the 

economy and by 1932 production had ceased (USGS 1974).

Mining resumed in 1934 and activities fluctuated until 1939 when RAMC finished a 135- 

ton flotation mill and started steady production (BOM 1939a; BOM 1939b). The RAMC 

obtained control of most of the mining properties in the district during this time (BOM 

1942a; USGS 1974). By 1940, the mill capacity was up to 150 tons (BOM 1940; USGS 

1974). In the early 1940s, RAMC began selling pyrite ore to vanadium producers in 

Utah (BOM 1942b; BOM 1943). The narrow-gauge railroad line was abandoned in 1951 

for economic reasons. By 1955, the long crosscut from the Argentine shaft on Silver 

Creek to the St. Louis tunnel on the Dolores River was finished, lowering the water 

level in the Silver Creek workings by 450 feet. Also in 1955, RAMC completed and put 

in operation a plant for the production of sulfuric acid from pyrite near the St. Louis 

Adit. Nine years later, the plant was put on standby basis due to a cutback in the 

uranium program in which the sulfuric acid was used (USGS 1974).

On May 26, 1971, all RAMC mining operations ceased, equipment below the "500 level” 

was removed and the lower levels allowed to flood and drain through the St. Louis 

Tunnel (BOM 1971). In 1973, RAMC sampled the old mine dumps and began work on 

a 300 foot by 500 foot leaching pad next to the old sulfuric acid plant. A Hypalon liner 

was installed in this leach pad. A precipitation and recovery process using three 

pounds of cyanide per ton of water was begun on a pile containing approximately

100,000 tons of raw ore. Early in the start-up, an overflow of the leaching liquor 

occurred with an unknown amount released to the Dolores River (BOM 1974). In 1974, 

approximately $1,200,000 of production, including gold and silver, was obtained (State 

of Colorado, Division of Mines (DOM) 1975a). In 1975, an additional leach pad 

containing 55,000 tons of raw ore was constructed in a settling pond originally used by
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the acid plant. A Hypalon liner was placed in this pad and a 3% to 4% cyanide 

solution used with added lime (DOM 1975b).

The Anaconda Copper Company (ACC) acquired the Rico Argentine Mine property 

from RAMC in 1980. ACC began a surface drilling program for exploration, mostly of 

molybdenum (Anaconda Minerals Company (AMC) 1994; DOM 1980; DOM 1981). ACC 

continued with both surface and underground exploratory drilling over the next several 

years (AMC 1994; DOM 1982; DOM 1983). ACC also built a water treatment plant at 

the St. Louis Tunnel discharge and carried out several other environmental efforts such 

as pond stabilization, adit plugging, and capping of wells (AMC 1994; WMD 1994).

In 1984, an EPA Potential Hazardous Waste Site - Site Inspection Report (Form 2070-13) 

was completed after a site visit by two CDH geologists. Minimal information is 

contained in the report although it did discuss a NPDES permit issued to RAMC in .1976 

with a compliance schedule (EPA 1984a). This permit has been renewed several times 

and currently is in effect through September 30, 1995 (WMD 1994). The report also 

stated that the CDH Water Quality Control Division (WQCD) issued a Notice of 

Violation (NOV) and a Cease and Desist Order (CDO) in 1980 because of RAMC 

problems in meeting compliance limitations (EPA 1984a). The NOV and CDO were 

amended on December 17, 1981, and specified exceedances of zinc and copper 

standards. This led to the development of a water treatment system using slaked lime 

at the St. Louis Tunnel Adit (WMD 1994). In October 1984, E&E's Field Investigation 

Team (FIT) conducted a site visit which confirmed that ACC had started water 

treatment operations using slakedlime at the St. Louis Adit. E&E personnel also found 

two piezometer wells, between the Silver Creek tailings ponds and Silver Creek, 

apparently installed in 1981 by Dames and Moore as part of a geotechnical study on the 

stability and potential expansion of the ponds (E&E 1984a). A sampling plan was 

issued on October 18, 1984 (E&E 1984b). Field sampling was conducted on 

November 14, 1984 and involved the collection of nine surface water samples and eight 

sediment samples. No source or target samples were collected during the sampling 

effort. Field personnel noted that leachate appeared to be migrating from the settling 

ponds above Silver Creek to Silver Creek. They also noted that both surface water 

bodies contained iron-stained cobbles (E&E 1984b; E&E 1984c; EPA 1984b). An ARR
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was issued by E&E in 1985. The ARR concluded that the surface water samples 

contained elevated manganese concentrations and that the sediment samples contained 

arsenic, cadmium, copper, iron, lead, manganese and zinc at much higher 

concentrations than upgradient samples (E&E 1985). A NOV was issued by CDH to 

ACC for cadmium permit standard violations in November and December 1984 (WMD 

1994).

In 1988, ACC sold their holdings in the Pioneer District, approximately 2,500 acres, to 

the Rico Development Corporation (RDC), a division of Crystal River Exploration and 

. Production Company (AMC 1994; CDH 1988; EPA 1984b; WMD 1994). Fish tissue 

samples collected from September 1989 through March 1991, at reservoirs approximately 

40 miles downstream from the R-A site, were found to contain high levels of mercury 

(E&E 1991a; E&E 1991b). The U.S. Department of the Interior, Bureau of Reclamation 

(BOR) began surface water and sediment sampling in 1989 along the upstream reaches 

of the Dolores River and its tributaries to determine potential sources of the mercury. 

This sampling has continued periodically every year through 1993. The sediment data 

show Silver Creek to be the major source of heavy metals, including mercury, in the 

upper Dolores River basin. The April 1992 water samples indicate that, in addition to 

Silver Creek, there are numerous sources of mercury in the upper Dolores River basin 

and many of them are located well downstream from Silver Creek. The study also 

shows metal loading from various mine drainages which contribute to contamination 

of the Dolores River (BOR 1994).

Since RDC obtained the property from ACC, violations of the discharge permit have 

continued. Another NOV and CDO were issued in 1990 for violations of lead and silver 

standards. Unpermitted discharge from the Blaine Tunnel on Silver Creek also was 

reported in 1990 which resulted in construction of a concrete dam by RDC to plug the 

Blaine Tunnel (WMD 1994). The St. Louis Tunnel discharge has also repeatedly failed 

the Whole Effluent Toxicity (WET) testing required by the NPDES permit. An 

additional NOV was filed in 1993 for silver violations and a notation made about 

wastewater flowing into the cyanide basins in which the old Hypalon liners are visibly 

weathered and torn. In 1994, the permit violations have included silver, lead and zinc 

(WMD 1994; WQCC 1993).
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In April 1994, the property was sold to Azure, Inc., a development company from 

Phoenix, Arizona, who is looking into real estate development possibilities. Azure, Inc. 

has retained Walsh and Associates as a consultant (Theile 1994).

It has been reported that a large amount of tailings has been moved from tailings piles 

to the town of Rico for use as gravel road cover. The amount of tailings moved and the 

years this operation has been used are both unknown at this point (EPA 1994).

3.4 SITE GEOLOGY

Detailed information about the geology of the R-A site area can be found in "Geology 

of the Rico Mountains, Colorado” by Whitman Cross and Arthur Coe Spencer (USGS 

1900); "Geologic Atlas of the United States, Rico Folio” by Whitman Cross and F. L. 

Ransome (USGS 1905) and "Geology and Ore Deposits of the Rico District, Colorado” 

by Edwin T. McKnight (USGS 1974).

The geology of the Rico Mountains is extremely complex with the dominant structure 

of the district a faulted dome centered near a monzonite stock. A central faulted horst 

block of Precambrian rock has been uplifted about 6,000 feet. The lower slopes of the 

Rico district are generally covered by debris from the hillsides from wash, talus and 

landslide processes (State of Colorado, Geological Survey (CGS) 1975; USGS 1900; USGS 

1905; USGS 1974).

Bedrock in the district ranges from Precambrian to Permian. Precambrian rocks include 

older greenstone and metadiorite and later Uncompaghre Quartzite which is at least

1,000 feet thick. Overlying the Precambrian is Devonian age Ouray Limestone 

succeeded by Mississippian Leadville Limestone with a combined thickness of 

approximately 169 feet. Both formations have been metamorphosed by the monzonite 

intrusive body. Approximately 2,800 feet of Hermosa Formation (Middle Pennsylvanian 

age) is the next youngest strata. The Hermosa Formation is of great economic interest 

because most of the ore deposits of the district occur in it, particularly in its limestone 

beds. The Hermosa is overlain by the Rico Formation (300 feet thick) of Middle and 

Late Pennsylvanian age. The highest formation exposed in the district is the Cutler
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Formation of Early Permian age with at least 2,800 feet of strata remaining (USGS 1900; 

USGS 1905; USGS 1974).

At the end of the Mesozoic Era, the sedimentary sequence was intruded by sills and 

dikes of hornblende porphyry. At a later stage, the sequence was intruded by a less 

silicic stock of monzonite. Channelized metamorphism may extend up to 1.7 miles 

from the stock (USGS 1974).

The ore deposits of the district consist of (USGS 1905; USGS 1974):

• Massive sulfide replacement deposits in the limestones of the Hermosa 

Formation;

• Contact metamorphic deposits of sulfides and iron oxides in limestones of 

Ouray, Leadville and Hermosa Formations;

• Veins on fractures and small faults in Hermosa sandstones and arkoses; and

• Replacement deposits in residual debris in lower the Hermosa Formation (the 

rich blanket deposits).

3.5 SITE HYDROGEOLOGY

No hydrogeologic studies of this area were located during this investigation; thus, the 

following discussion is based on assumptions from available geologic studies. The 

principal aquifer in the R-A site area is the shallow alluvial aquifer.

As stated in Section 3.4, Site Geology, the valley sides and bottom are thickly covered 

by detritus from weathering and erosion. This material forms a shallow unconfined 

aquifer through which the streams and rivers of the region flow. Hydraulic 

conductivity is assumed to be fairly high (102 centimeters per second (cm/s)) (Office of 

the Federal Register 1990). The direction of shallow groundwater flow is estimated to 

be south along the Dolores River and southwest along Silver Creek (EPA 1994b). Some
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local areas, such as near tailings piles, may seal themselves through the sifting of fine

grained material (BOR 1994). The shallow aquifer is heavily mineralized in most cases. 

The State of Colorado, Division of Highways, drilled a well on the south end of the 

town of Rico for water supply for a maintenance shop but had to abandon it after a 

couple of years due to heavy mineralization in the pipes (State of Colorado, Department 

of Transportation (CDOT) 1994; State of Colorado, Office of the State Engineer (CSE) 

1994).

Deeper bedrock aquifers exist in the various limestone strata in the older formations and 

in the fractures in the formations. Several of the old exploratory drill holes on the 

Dolores River portion of the site, flowed water and had to be capped (AMC 1988; AMC 

1994). Groundwater reaches the surface in the form of several seeps and springs found 

in the area and a number of these appear to be geothermal in nature. One drill hole 

is used by locals to supply hot water to a pool the locals use to soak in (Jahnke 1994). 

Many of the springs contain carbonic acid gas and sulphureted hydrogen (USGS 1905), 

some springs are calcareous due to the high carbonate of lime contained by many of the 

geologic formations and several springs are iron-bearing and have left local deposits of 

iron oxide (USGS 1900). In the vicinity of the R-A couple, deep groundwater has been 

allowed to flood the abandoned workings and is discharged through the St. Louis 

Tunnel Adit to a small treatment system (EPA 1984b; WMD 1994).

3.6 SITE HYDROLOGY

The Dolores River and its Silver Creek tributary are the major surface water bodies in 

the R-A site area. The Dolores River flows to the south past the St. Louis Tunnel Adit, 

the old sulfuric acid plant, the cyanide heap leach basins, and numerous tailings piles 

and settling ponds (USGS 1960). Silver Creek flows to the southwest and is the source 

of the town of Rico's drinking water. Below the drinking water diversion, Silver Creek 

flows past several mine workings including the Blaine Tunnel and the Rico-Argentine 

Mill and settling ponds. Silver Creek flows through the town of Rico before joining the 

Dolores River on the western edge of Rico. The only flow rate data is from a gage on 

the Dolores River at a point four miles below Rico. At this station the 41-year annual 

mean flow rate is 136 cubic feet per second (cfs) and the upstream drainage basin
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encompasses 105 square miles (mi2) (USGS 1993). The Dolores River is not used as a 

source of municipal drinking water; however, there are twelve listed diversions within 

fifteen downstream miles of the R-A site. The St. Louis Tunnel is the only diversion 

with domestic use listed, as well as industrial and stockwatering; however, it is doubtful 

that any domestic use actually occurs from this water source. The other surface water 

diversions are used for irrigation, stockwatering, industrial, recreation, fire and other 

purposes (CSE 1994).

3.7 SITE METEOROLOGY

The R-A site is located in a semiarid climate zone. The mean annual precipitation, as 

totaled from the University of Delaware (UD) database, is 12.8 inches. The net annual 

precipitation as calculated from precipitation and evapotranspiration data obtained from 

the UD is 4.1 inches (University of Delaware (UD) 1986). The 2-year, 24-hour rainfall 

event for the site is approximately 1.5 inches (Dunne and Leopold 1978).

4.0 PRELIMINARY PATHWAY ANALYSIS

This following analysis will consider potential site impacts on the air pathway, groundwater 

pathway, surface water pathway, and soil exposure pathway utilizing HRS guidelines (Office 

of the Federal Register 1990).

4.1 SITE SOURCE QUANTITY AND CHARACTERISTICS

Source areas at the R-A site include the estimated 75 acres of tailings piles and settling 

ponds along both the Dolores River and Silver Creek and an unknown amount of 

tailings moved into the town of Rico as street cover. This material has been removed 

from mining operations near Rico and has reportedly caused dying yards in Rico (EPA 

1984b; EPA 1993). The St. Louis Tunnel discharge of 1.1 to 1.5 MGD is also considered 

a R-A source (WMD 1994).

The source areas are estimated to contain 400,000 tons of material at the R-A site (EPA 

1984b). A number of sampling efforts have been conducted at the site. These include
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an ACC contractor from 1980 through 1983, EPA-sponsored sampling in 1984 and BOR 

sampling from 1989 through 1993. These sampling efforts focused on surface water and 

sediment analyses (EPA 1984b; E&E 1985; BOR 1994). No characterization of the tailings 

piles, tailings ponds or settling ponds has been located in the file search; however, 

review of geologic studies, mining texts and personal conversations with employees of 

the old mining companies, leads to an assumption that cyanide and the heavy metals 

typically associated with sulfide ores would be the contaminants of concern in the 

source areas. No mention of the use or storage of any other hazardous wastes was 

found in the files.

From reports in EPA, CDH and BOR files, it is assumed that all tailings piles, tailings 

ponds and settling ponds were constructed with native material without liners or 

run-on/runoff controls. The two cyanide heap leach pads that were built did 

incorporate Hypalon liners and overflow berms but these have not been maintained to 

the present time (BOM 1974; DOM 1975b, WMD 1994).

4.1.1 Source Area Data Gaps

No source characterization sampling has been conducted at the R-A site.

4.2 AIR PATHWAY
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No ambient air monitoring has been performed at the R-A site. The air pathway was 

evaluated on the potential to release.

4.2.1 Target Populations

Approximately 92 people live in the town of Rico and 123 residents are listed in 

the U.S. Census Bureau's Rico division which is within the four-mile target 

distance limit (U.S. Department of Commerce (USDOC), Bureau of the Census 

1990). The Rico area is experiencing recent population growth due to growth 

and overcrowding in Telluride. Due to the tailings that have been moved into 

Rico, it is assumed that all 92 residents of Rico live on a source area. From U.S.
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Geological Survey topographic maps, the portion of Rico that appears to still 

have houses covers approximately two square miles equal to 1,280 acres (USGS 

1960). It has been reported that ACC owned 2,500 acres in the Rico area; from 

this it is assumed that all 123 residents of the Rico division live on a source area.

The federally listed threatened and endangered Bald eagle (Haliaeetus 
leucocqphalus) (threatened), Peregrine falcon (Falco peregrinus), Mexican spotted 

owl (Strix occidentalis lucida) (threatened), Southwestern Willow Flycatcher 

(Empidonox trailli extimus) (proposed endangered), and Black-footed Ferret 

(Mustela Nigripes) (endangered) potentially inhabit the area (U.S. Department of 

the Interior, Fish and Wildlife Service (FWS) 1994). Federal candidate (Category

2) species North American wolverine (Gulo gulo luscus), Northern goshawk 

(Accipiter gentilis), Black Tern (Chlidonias niger), Colorado River cutthroat trout 

(Oncorhynchus clarki pleuriticus), Round tail chub (Gila robusta), and Flannelmouth 

sucker (Catostomus latipinnis) may also inhabit the Rico area (FWS 1994).

No National Wetland Inventory maps have yet been prepared for this area (Earth 

Science Information Center (ESIC) 1994). The EPA's 1984 sampling effort did not 

identify wetlands or critical habitat within one mile of the site (EPA 1984b); 

however, it is reasonable to assume that forested and emergent wetland 

vegetation exists within the specified four-mile target distance limit. A 

significant community of montane riparian forest (Populous augustifolia-Picea 
pungens/AInus incana) can be found on the east bank of the Dolores River within 

four miles of the site. This natural community is ranked rare to uncommon both 

globally and in Colorado (Colorado Natural Heritage Program (CNHP) 1994).

4.2.2 Air Pathway Specific Data Gaps

After performing an analysis of all potential sources on site, URS was not able 

to identify additional areas where data acquisition is required.
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4.3 GROUNDWATER PATHWAY

The groundwater pathway was evaluated on the potential to release. No groundwater 

monitoring data is available. The CPDES permit monitoring does show a release of 

silver, lead and zinc from groundwater drainage discharging from the St. Louis Tunnel 

(WMD 1994).

4.3.1 Target Populations

The population potentially impacted by groundwater contamination consists of 

the users of three wells listed as household use by the Colorado State Engineer 

(CSE 1994). Two of these wells are located approximately one-half mile 

upgradient of the St. Louis Tunnel Adit and it's associated sources on the 

Dolores River. According to the owner of one of these wells, no water quality 

problems have been encountered since drilling the well for a drinking water 

source in 1990 (Jahnke 1990). The state engineer lists the well depth as 160 feet; 

however, the owner was unsure what depth the screened interval was placed 

(CSE 1994; Jahnke 1994). The third domestic well is at the south end of the 

town of Rico, approximately one and one-half miles downgradient of the source 

areas and below the confluence of Silver Creek and the Dolores River (CSE 1994; 

USGS 1960). Approximately sue people use these wells, possibly for drinking 

water (Jahnke 1994; USDOC 1990).

4.3.2 Wellhead Protection Area

The R-A site does not lie within a state or federally designated wellhead 

protection area (State of Colorado, Department of Health, Water Quality Control 

Division (WQCD) 1994).

4.3.2.1 Resource Use

Groundwater within the specified four-mile target distance limit is 

limited to the three household wells discussed in Section 4.3.1 and one
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industrial use well owned by the Rico Development Corporation (CSE 

1994).

4.3.3 Groundwater Pathway Specific Data Gaps

After performing an analysis of all potential site-related sources and associated 

receptor targets, URS has been able to identify the following area where 

additional data acquisition is required:

Water quality analyses of the three domestic wells, particularly the single 

downgradient well.

4.4 SURFACE WATER PATHWAY

The surface water pathway was evaluated on observed release. Section 3.3, "Site 

History and Preview Work,” describes a number of investigations and sampling efforts 

in the Rico area. EPA consultants observed leachate from settling ponds on Silver 

Creek entering the surface water, and iron-stained cobbles in both Silver Creek and the 

Dolores River. The same consultant sampled surface water and sediments and detected 

elevated manganese in the surface water and elevated arsenic, cadmium, copper, iron, 

lead, manganese and zinc in the sediments. Sampling by the BOR determined that 

Silver Creek is the major source of mercury and other heavy metals in the upper 

Dolores River basin. In addition, there have been numerous and continuing permit 

violations for the R-A settling pond discharge point to the Dolores River. These 

violations have been of cadmium, lead, silver and zinc. Observations have been made 

of wastewater flowing into cyanide basins with potentially leaking liners (WQCD 1993).

4.4.1 Drinking Water Threat

The drinking water threat is used to evaluate the threat associated with the 

actual or potential release of hazardous substances from a site to drinking water 

resources. There are no municipal drinking water diversions within fifteen 

downstream miles from the R-A site on the State Engineer's Water Rights
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Report. There are twelve total diversions on the Dolores River, one of which 

includes domestic use in its multiple use codes. This water right is listed as the 

St. Louis Tunnel and includes industrial and stockwatering as its other uses 

(CSE 1994).

The town of Rico obtains its drinking water from a diversion on Silver Creek 

above the potential impacts from R-A mining operations (Figure 2). The water 

is treated through infiltration galleries and chlorinated (E&E 1984c).

4.4.2 Human Food Chain Threat

The human food chain threat is used to evaluate the threat associated with the 

actual or potential release of hazardous substances to surface water containing 

human food chain organisms. ACC contractors found decreased aquatic life in 

the Dolores River in the 1980s, but did not attribute it to the site (EPA 1984b). 

A number of federally listed threatened and endangered fish may utilize the 

surface water habitat as discussed in the next section under Environmental 

Threat.

The State of Colorado, Division of Wildlife (CDOW) conducted fish studies on 

two 500 foot reaches of the Dolores River near Spruce Creek, one and one-half 

miles below Rico, in 1982 and found three rainbow trout between ten and twelve 

inches in length and one small brown trout. The CDOW performed habitat 

improvement in the form of instream boulders and check dams which led to 

increased populations of brown trout between five and six inches in length in 

1983. By 1984, CDOW fish sampling showed greatly increased populations of 

ten to twelve inch brown trout and slightly increased populations of rainbow 

and brook trout (State of Colorado, Division of Wildlife (CDOW) 1994a). Local 

bait and tackle shops confirmed the presence of harvestable game fish in the 

upper reaches of the Dolores River (Duranglers 1994). The Dolores River above 

Rico experiences heavy fishing pressure and CDOW stocks fish in the river 

through the town of Rico. The upper head-waters of the Dolores River support 

a viable native cutthroat trout fishery. Silver Creek has little aquatic life because
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of the heavily mineralized water below the mines; however, CDOW has stocked 

native cutthroat trout approximately two miles above Rico in Silver Creek and 

they are doing relatively well (CDOW 1994b).

4.4.3 Environmental Threat

The environmental threat is used to evaluate the threat associated with the 

actual or potential release of hazardous substances from a site to sensitive 

environments specified by state and federal statutes. While no National 

Wetland Inventory maps are available for the upper Dolores River area, it may 

be assumed that a limited amount of emergent vegetation exists within the 

specified fifteen-mile downstream target distance limit. The 1984 EPA sampling 

effort did not identify wetlands or critical habitats within one mile of the site 

(EPA 1984b). A significant montane riparian forest can be found on the east 

bank of the Dolores River within four downstream miles of the site area (refer 

to Section 4.2.1 for more discussion). Another montane riparian forest 

community (Populous augustifolia/Comus sericea) occurs along the Dolores River 
approximately fifteen miles downstream from the R-A site. This natural 

community is ranked very rare globally and in Colorado (CNHP 1994).

Federally listed threatened and endangered aquatic species that potentially use 

the Dolores River include the Colorado squawfish (Ptychocheilus), the Humpback 

chub (Gila cypha), the Bonytail chub (Gila elegans) and the Razorback sucker 

(Xyrauchen texanus). Federal candidate species include the Flannelmouth sucker 

(Catostomus latipinnis), the Roundtail chub (Gila robusta) and the Colorado River 

cutthroat trout (Oncorhynchus clarki pleuriticus) (FWS 1994a; FWS 1994b).

4.4.4 Surface Water Pathway Specific Data Gaps

After performing an analysis of all potential site-related sources and associated 

receptor targets, URS identified the following data gap with regard to the surface 

water pathway:
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Determination of whether proximal impacted wetlands are present on the 

Dolores River.

4.5 SOIL EXPOSURE PATHWAY

The soil exposure pathway was evaluated based on the containment of on-site sources 

and the presence of observed contamination to both on- and off-site soils. No soil 

sampling has been conducted at the R-A site.

4.5.1 Target Populations

There are no known residents living on the R-A site or within 200 feet of 

source areas at the R-A site (USGS 1960). The site is inactive; therefore, 

no workers are on-site.

Based on census data for the town of Rico, the Rico division and Dolores 

County, approximately 123 people reside on, or live within 200 feet of, 

contaminated soil areas (USDOC 1990; USGS 1960). There are no 

restrictions to access of source materials on the site. Access roads lead 

to mine adits, mills, tailings and ponds with no gates or fencing (EPA 

1984b). Most of the mining properties in the R-A region were originally 

patented and are now on private property with approximately 2,500 acres 

combined under one ownership. The R-A area is situated within the San 

Juan National Forest with small public land parcels mixed within the 

private mining properties. The area receives high recreational use.

4.5.1.1 Resident Populations

4.5.1.2 Nearby Populations
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4.5.1.3 Terrestrial Sensitive Environments

The endangered Black-footed ferret and Bald eagle may utilize the R-A 

area. The proposed endangered Southwestern willow flycatcher and 

threatened Mexican spotted owl also may be found in the Rico area (FWS 

1994a; FWS 1994b). The federal candidate species North American 

wolverine, Black Tern and Northern goshawk may utilize the site area as 

habitat (FWS 1994a; FWS 1994b). Several montane riparian sensitive 

communities are also found in the area (CNHP 1994).

4.5.2 Soil Exposure Pathway Specific Data Gaps

After evaluating all potential site sources and associated nearby population 

targets, URS has identified the following data gaps with regard to the soil 

exposure pathway:

• No residential soil sampling has been conducted at the R-A site.
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5.0 SUMMARY

The R-A site is an inactive mining area which began operations over 100 years ago as a silver 

producer. In later periods of operation, base-metal production from sulfide ores and sulfuric 

acid from pyrite ores were the major goals of the mining operations. The site exists in three 

areas: The Rico-Argentine Mill, mines and associated tailings piles and ponds on Silver Creek; 

a sulfuric acid plant, cyanide heap leach pads and settling ponds on the Dolores River; and 

tailings that have been moved into Rico for road cover. Cyanide heap leaching has been used 

in two lined ponds with at least one minor release of leachate. All mine water drainage has 

been routed through underground workings to discharge from the St. Louis Tunnel Adit on 

the Dolores River. The discharge is treated with slaked lime and is under a Colorado Pollutant 

Discharge Elimination System permit with input from the EPA's NPDES division. The permit 

limits have been continuously violated with at least two Notice of Violation and Cease, and 

Desist Orders issued by CDH.

Approximately 123 people reside in the Rico area. Most of these residents are probably located 

on contaminated soils or within 200 feet of contaminated soils. There are no restrictions to 

access to the site. Approximately six residents potentially use groundwater as a drinking water 

source. Several federally listed threatened and endangered species potentially use the area or 

exist within the specified target distance limits. Fish are taken from the Dolores River within 

the fifteen-mile downstream target distance limit, but the quantity of fish taken from the river 

is unknown.

During this evaluation, URS was able to identify the following significant data gaps which exist 

for the R-A site:

• Source characterization has not been conducted;

• Location and sampling of proximal wetlands along the Dolores River (surface water 

pathway);

• Residential soil sampling has not been conducted at the R-A site; and

• Confirmation of the presence of threatened and endangered species.
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APPENDIX A 
EPA PA Worksheet



PA WORKSHEET

Site Name Rico-Argentine City, State Rico, Colorado

CERGLIS ED # COD980952519

Reported by Michael V. Carr Date October 11, 1994



HIGHLIGHTS:

A) IS THERE QUALITATIVE OR QUANTITATIVE EVIDENCE OF A RELEASE TO AIR, 
SURFACE WATER, GROUNDWATER, OR SURFACE SOIL? DESCRIBE BRIEFLY.
More detail in items GW-1 (for groundwater pathway), SW-5 (for surface water pathway), A-l 
(for air pathway), and SE-1 (for soil exposure pathway).

Yes, to surface water. Surface water samples collected for NPDES monitoring 
repeatedly detect violations of permit standards for several metals. Surface water and 
sediment samples collected from 1989 through 1993 by the Bureau of Reclamation 
show metals loading to the drainages.

B) IS THERE EVIDENCE OF AN IMPACTED TARGET POPULATION? DESCRIBE.

Pathway Target None/
Target Size

Brief Description More
Discussion In

Groundwater Public drinking
Water supply None

Domestic drinking
Water supply *ND (6)

Three wells within a four-mile 
radius are listed as household 
use. No impacts noticed by 
users.

Section 4.3, 5.0

Surface Water Drinking water 123

Fishery *ND

Sens. env. *ND

The upper Dolores River and 
upper Silver Creek are viable 
fisheries. CDOW improved 
aquatic habitat in the Dolores 
River below Rico in 1982 
which has increased trout 
populations to harvestable 
sizes. There have been 
several NPDES violations on 
Dolores River.

Section 4.4, 5.0

Soil Exposure People within 200' 123

Terrestrial sens. env. *ND

Federal candidate species and 
state species of concern 
potentially exist in site area as 
well as several threatened and 
endangered species.

Section 4.5, 5.0

Air Population 123 No air monitoring has been 
conducted.

Section 4.2

*ND - Not Determined
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SITE INFORMATION

G-l. Directions to the site (from nearest easily recognized point).

From Telluride, Colorado, proceed south on State Highway 145, over Lizard Head 
Pass, approximately 30 miles.

G-2. Are there other potential sources in the neighborhood to be aware of as the site is 
evaluated? eg. Is the site in an industrial area, near a railroad, along a highway? Are sources 
with similar contaminants to this site in the vicinity?

Yes. Site area is heavily mined, site sources are major sources in the area; however, 
there are several other historical mining sites in the area, unrelated to R-A, which 
may affect the environment. One example is the Mountain Springs/Spill Mine 
upstream near the headwaters of Silver Creek which is reported to have a low pH.

Source of information: CDH Files; EPA Files; EPA 1993; USGS 1900; USGS 1905;
USGS 1974

Background/Operating History

G-3. Describe the operating history of the site:

Early mining began in 1861. Silver production peaked in the 1890s and base-metal 
ore production peaked in 1927. A sulfuric acid production plant operated from 1955 
through 1964. All mining operations ceased in 1971. Cyanide heap leaching 
occurred from 1973 through the late 1970s. Anaconda Minerals Company owned the 
property from 1980 to 1988 and explored for molybdenum. Rico Development 
Corporation owned the property from 1988 to April 1994 when they sold their 
interests to Azure, Inc., from Phoenix, Arizona. A NPDES permit was obtained in 
1976. Frequent violations of the permit have occurred. BOR sampling shows loading 
of heavy metals to the adjoining surface water drainages.

Source of information: AMC 1994; BOM 1915; BOM 1939a; BOM 1939b;
BOM 1940; BOM 1942b; BOM 1943; BOM 1949a; BOM 
1974; CDH 1988; DOM 1975a; DOM 1975b; DOM 1980; 
DOM 1981; DOM 1982; DOM 1983; E&E 1984a; E&E 1984b; 
E&E 1985; E&E 1991a; E&E 1991b.
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G-4. Describe site and nature of operations (property size, manufacturing, waste disposal, 
storage etc.):

See #G-3. Approximate site acreage is 2,500 acres. Mills, tailings piles and settling 
ponds near the surface water bodies cover approximately 75 acres. Many other 
tailings piles are located in the site area. Some tailings have been moved into the 
town of Rico as gravel road cover with a reported effect of dying yards. The town 
of Rico covers approximately 1,280 acres. Tailings piles, tailings ponds and settling 
ponds typical of hardrock mining comprise the source areas.

Source of information: EPA 1984a; EPA 1984b; EPA 1993; USGS 1905; USGS 1974;
EMD 1994.

G-5. Describe any emergency or remedial actions that have occurred at the site:

None. Anaconda did some environmental work (plugged adits, maintained settling 
ponds, built water treatment plant) while they owned the property.

Source of information: AMC 1994, CDH files, EPA files.

G-6. Are there records or knowledge of accidents or spills involving site wastes? Are there 
Emergency Response Notification (ERNs) reports for this location?

None.

Source of information: EPA files.

G-7. Describe existing sampling data and briefly summarize data quality (e.g. sample 
objective, age/comparability, analytical methods, detection limits, QA/QC, validatability):

Sampling of surface water is conducted periodically for the NPDES permit. Methods 
and QA/QC are unknown. BOR sampling has been conducted yearly to trace 
mercury and other metals loading in the Dolores River and its tributaries.

Source of information: BOR 1994, WMD 1994.
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G-8. Is there any other local, state or federal regulatory involvement? Describe. Include 
permits, and names of contact individuals within each government organization.

AGENCY PROGRAM CONTACT PHONE PERMIT

CDH NPDES Kathleen Kalamen 692-3603 CO-0029793

G-9. Attach site sketch or schematic. Include all pertinent feahires including wells, storage 
areas, underground storage tanks, source areas, buildings, access roads, areas of ponded 
water. Refer to figure(s) submitted with text of report if appropriate.

Refer to figures 1 and 2.

SOURCE CHARACTERIZATION

WC-1. Describe each source at the site, on Table 1, in terms of source type, containment, 
size/area/volume/quantity, and substances present. See HRS Tables 2-5 and 5-2 for source 
descriptions, Tables 3-2, 4-2, 4-8, 5-6, 6-3, and 6-9 for containment.

WC-2. Briefly describe how waste quantity was estimated (eg. historical records or manifests,
permit applications, air photo measurements, etc.):

EPA's sampling team in 1984 estimated the total size and amount of source material 
on the site.

Source of information: EPA 1984a; EPA 1984b.

WC-3. Describe any restrictions or barriers to accessibility of on-site sources.

None.

Source of information: 1984b.
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GROUNDWATER CHARACTERISTICS

GW-1. Any positive or circumstantial evidence of a release to groundwater? Describe.

Yes. Surface water and sediment sampling show metals loading to these media. 
Valley fill and alluvial material form an unconfined aquifer that potentially interacts 
with mine water discharge and surface water bodies. No specific groundwater 
sampling has been conducted other than mine discharge for NPDES monitoring.

Source of information: EPA 1984b; USGS1900; USGS1905; USGS1974; WMD1994.

GW-2. Any positive or circumstantial evidence of a release to drinking water users? Describe 
analytes, detection limits, background, hits, number of users, locations, QA/QC.

None reported. Three household use wells are within the four-mile target distance 
limit and serve approximately six residents. Two of these wells are approximately 
three-quarters of a mile upgradient. The other is located within the town of Rico, 
potentially near tailings used as road cover. All other drinking water sources are 
surface water diversions from above the site area.

Source of information: CDH files; EPA files; WMD 1994.

GW-3. Briefly describe the geologic setting.

Alluvial material from wash and landslides masks the underlying geology. A shallow 
unconfined aquifer exists in the alluvial material. The Cutler Formation is the 
youngest formation exposed at the site and is at least 2,800 feet thick. Fractures in 
bedrock forms a deeper aquifer. Geothermal Springs are found in the site area.

GW-4. Describe geologic/hydrogeologic units on Table 2. Give names, descriptions, and 
characteristics of consolidated and unconsolidated zones beneath the site.

GW-5. Is the site in an area of karst terrain or a karst aquifer?

No.
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GW-6. Net Precipitation (per HRS section 3.1.2.2).

4.1 inches.

SURFACE WATER CHARACTERISTICS

SW-1. Mean annual precipitation (per HRS section 4.0.2)= 12.8" . If less than 20", then
count intermittent channels as surface water.

SW-2. Discuss the probable surface water flow pattern from the site to surface waters:

The tailings piles from the Rico-Argentine Mill are in Silver Creek with tailing ponds 
apparently draining directly into Silver Creek. The St. Louis Tunnel Adit drains into 
a slaked lime treatment system and then a series of settling ponds before discharging 
into the Dolores River. 'ITus discharge has a NPDES permit.

Source of information: EPA 1984b; WMD 1994.

SW-3. If surface water exists within 2 miles of the site, describe surface water segments 
within the 15-mile distance limit.

Segment Name River/Lake/Type Fresh/Salt
Water

Start (mi.) End (mi.) Flow In 
cfs

Dolores River River Fresh 0 15 136

Silver Creek Creek Fresh 0 0.75 ND

Groundwater to surface water distance N/A Angle 0
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SW-4. Provide a schematic diagram or simple figure which describes surface water 
segments, locates targets, identifies flow direction, PPE(s), etc. Refer to figure(s) submitted 
with text of report if appropriate.

Refer to figures 1 and 2.

SW-5. Any positive or circumstantial evidence of a release to surface water? Evidence of a 
release by direct observation? Is the source located in surface water? Describe.

Yes. Tailing piles are placed in Silver Creek and tailings ponds are discharging to 
Silver Creek. Surface water and sediment samplings performed by BOR in Silver 
Creek and the Dolores River show metals loading occurring. The NPDES monitoring 
sampling show repeated exceedances of permit standards for metals.

Source of information: BOR 1994, WMD 1994.

SW-6. Any positive or circumstantial evidence of a release to surface water target 
populations? Describe analytes, detection limits, background, hits, number of users, locations, 
QA/QC.

No. An ACC contractor in the 1980s found decreased aquatic life in the Dolores 
River below the site but could not attribute the situation to the site. No target- 
specific sampling has been conducted at this site.

Source of information: EPA 1984b.

SW-8. Is the site or portions thereof located in surface water? Yes.

Is the site located in the 1 - <10 yr floodplain?

>10-100 yr?, 

>100-500 yr? 

>500 yr?
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SW-9. Two-year 24-hour rainfall 1.5"

TARGETS

T-l. Discuss groundwater usage within four miles of the site:

There are no municipal wells within the specified four-mile target distance limit. Five 
wells are listed by the CSE; one owned by the CDOT for wash water in a maintenance 
shop, one is listed as industrial use and three are listed as household use. Two of the 
household wells are approximately three-quarters- of a mile upgradient and one is 
approximately three-quarters of a mile downgradient.

Source of information: CSE 1994, USDOC 1990.

T-2. Summarize the drinking water population served via groundwater within four miles of 
the site:

0 -1/4 mi ____ 1_

1/4 - 1/2 mi ____ 5

1/2 - 1 mi ____ 0

1 - 2 mi ____ 0

2 - 3 mi ____ 0

3 - 4 mi ____ 0

Attach calculations for population apportionment in blended systems.
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T-3. Identify and locate any of the following surface water targets within 15 miles of the 
site: drinking water population(s) served by intakes, fisheries, sensitive environments
described in Table 4-23 of the HRS, and wetlands as defined in the Federal Register.

Targets Dist. From 
Site

SW
Body

Flow 
In cfs

Population 
Served/Size 
(Incl. Units)

Contamination
Known/Suspected

Montane
riparian

4 miles Dolores
River

136 ND Metals

Dolores
Fishery

1 mile Dolores
River

136 ND Metals

One surface water diversion is listed as multiple use including domestic. This 
diversion is the St. Louis Tunnel, actual domestic use is unknown.

T-4. Summarize the population within a four-mile radius of the site:

Total Pop. Worker Pop.

on site ____ 0

0 - 1/4 mi ____ 0

1/4 - 1/2 mi ____ 8

1/2 - 1 mi ____76

1 - 2 mi 18

2 - 3 mi 10

3 - 4 mi ____11

0

T-5. Identify and locate any terrestrial sensitive environments described in Table 5-5 of the 
HRS.

Potential habitat for federal candidates species, North American Wolverine and 
Northern Gas Hawk. Potential habitat for federally listed threatened and endangered 
Bald Eagle, Peregrine Falcon and Mexican Spotted Owl. Potential habitat for montane 
riparian forest that is ranked very rare globally and in Colorado.
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T-6. Describe any positive or circumstantial evidence of a release to air target populations? 
Of a release by direct observation where target population exists within 1/4 mile of the site? 
Describe analytes, detection limits, background, hits, number of users, locations, QA/QC.

No air monitoring has been conducted at this site. No observations are available 
concerning dust from tailings or ponds blowing off-site.

T-7. Identify and locate any potential or known resident soil exposure populations, if 
present. Describe conditions which lead the researcher to suspect contaminated soil within 
200' of residences, if this condition exists.

None known.
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TABLE 1
WASTE CONTAINMENT AND HAZARDOUS SUBSTANCE IDENTIFICATION*

SOURCE TYPE SIZE
(Volume/Area)

ESTIMATED 
WASTE QUANTITY

SPECIFIC
COMPOUNDS

CONTAINMENT2 SOURCES OF 
INFORMATION

Tailing piles, 
ponds

75 acres 400,000 tons Heavy metals, 
cyanide

None CDH files; EPA files

Mine adits 1.5 million gallons 
per day

Heavy metals Lime treatment 
system

WMD files

Use additional sheets if necessary. '
Evaluate containment of each source from the perspective of each migration pathway (e.g., groundwater pathway - 
non-existent, natural or synthetic liner, corroding underground storage tank; surface water - inadequate freeboard, 
corroding bulk tanks; air - unstabilized slag piles, leaking drums, etc.)
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TABLE 2
HYDROGEOLOGIC INFORMATION'

STRATA
NAME/DESCRIPTION

THICKNESS (ft.)
HYDRAULIC 

CONDUCTIVITY (cm/sec)
TYPE OF

DISCONTINUITY2
SOURCE OF 

INFORMATION

Alluvial Fill 10-40 10'2 None EPA 1984b; Office of 
the Federal Register
1990; USGS 1900;
USGS 1905; USGS 1974

Bedrock (Cutler and 
older Formations)

> 2,800 10'5 None EPA 1984b; Office of 
the Federal Register
1990; USGS 1900;
USGS 1905; USGS 1974

Use additional sheets if necessary.

Identify the type of aquifer discontinuity within four-miles from the site (e.g., river, strata "pinches out", etc.).
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Western Research Institute
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October p, 1994

Mr. Robert Heise 
Work Assignment Manager 
Superfund Remedial Action Branch 
Hazardous Waste Management Division 
United States Environmental Protection Agency 
Region VUI, Mail Code: 8HWM-WAM 
999 - 18th Street, Suite 500 
Denver, Colorado 80202-2405

SUBJECT: ARCS VI, VII AND VIII, CONTRACT NO. 68-W9-0053, WA #21-8JZZ
Site Inspection Prioritization (SIP), Rico-Argentine, Rico, Colorado

Dear Mr. Heise:

Attached please find a copy of the final Site Inspection Prioritization (SIP) for Rico-Argentine, 
in Rico, Colorado for your review and approval. Jjhe Rico-Argentine scenario inPREscdre 

/^obtafijed a score of 50.12 with an assumption of one pound of harvestable fiah cdllected from 
the Dolores River. The fact that edible fish are being taken from the-riverTs not totally certain 
based on conversations with CDOW staff and fishing shops in Durango; however, even 
without the fish the site scores a 30.20 based on the rare plant community on the banks of the 
Dolores River, four miles downstream frQm the R-A site. What-if scenario's assuming 
additional wetlands did not change the score, biltwetlands has been added as a data gap in 
the event that the rare-ptant community has ceased to exist.^Addifional scenarios included on 
the attacheddisc include R-Asoil (35.12) which dia not include fish poundage but assumed 123 
residents at Level II soil contamination exposure. With the fish poundage added to 

exposure (R-Asoils) thp score increased to 53.23.

If you have any questions concerning this repor:, please call me at 296-9700.

Very truly yours,

URS CONSULTANTS, INC.

T. F. Staible 
Program Manager

Attachment

cc: Pat Smith/EPA/Region VUI
Michael V. Carr/URS/Denver 
ARCS File/URS/Denver

5 o.—s a.*-d p«TWv V

"ttiu ^^-P( n* F® 't^-c

^e>r Loeiv.
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with attachment 
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industrial use well owned by the Rico Development Corporation (CSE 

1994).

4.3.3 Groundwater Pathway Specific Data Gaps

After performing an analysis of all potential site-related sources and associated 

receptor targets, URS has been able to identify the following area where 

additional data acquisition is required:

• Water quality analyses of the three domestic wells, particularly the single 

downgradient well.

4.4 SURFACE WATER PATHWAY

The surface water pathway was evaluated on observed release. Section 3.3, “Site 

History and Preview Work,” describes a number of investigations and sampling efforts 

in the Rico area. EPA consultants observed leachate from settling ponds on Silver 

Creek entering the surface water, and iron-stained cobbles in both Silver Creek and the 

Dolores River. The same consultant sampled surface water and sediments and detected 

elevated manganese in the surface water and elevated arsenic, cadmium, copper, iron, 

lead, manganese and zinc in the sediments. Sampling by the BOR determined that 

Silver Creek is the major source of mercury and other heavy metals in the upper 

Dolores River basin. In addition, there have been numerous and continuing permit 

violations for the R-A settling pond discharge point to the Dolores River. These 

violations have been of cadmium, lead, silver and zinc. Observations have been made 

of wastewater flowing into cyanide basins with potentially leaking liners

( fill)•

4.4.1 Drinking Water Threat

The drinking water threat is used to evaluate the threat associated with the 

actual or potential release of hazardous substances from a site to drinking water 

resources. There are no municipal drinking water diversions within fifteen

Rico-Argentine/SlI’
Revision: 0
Date: 10/94
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downstream miles from the R-A site on the State Engineer's Water Rights 

Report. There are twelve total diversions on the Dolores River, one of which 

includes domestic use in its multiple use codes. This water right is listed as the 

St. Louis Tunnel and includes industrial and stockwatering as its other uses 

(CSE 1994).

The town of Rico obtains its drinking water from a diversion on Silver Creek 

above the potential impacts from R-A mining operations (Figure 2). The water 

is treated through infiltration galleries and chlorinated (E&E 1984c).

4.4.2 Human Food Chain Threat

The human food chain threat is used to evaluate the threat associated with the 

actual or potential release of hazardous substances to surface water containing 

human food chain organisms. ACC contractors found decreased aquatic life in 

the Dolores River in the 1980s, but did not attribute it to the site (EPA 1984b). 

A number of federally listed threatened and endangered fish may utilize the 

surface water habitat as discussed in the next section under Environmental 

Threat.

The State of Colorado, Division of Wildlife (CDOW) conducted fish studies on 

two 500 foot reaches of the Dolores River near Spruce Creek, one and one-half 

miles below Rico, in 1982 and found three rainbow trout between ten and twelve 

inches in length and one small brown trout. The CDOW performed habitat 

improvement in the form of instream boulders and check dams which led to 

increased populations of brown trout between five and six inches in length in 

1983. By 1984, CDOW fish sampling showed greatly increased populations of 

ten to twelve inch brown trout and slightly increased populations of rainbow 

and brook trout (State of Colorado, Division of Wildlife (CDOW) 1994a). Local 

bait and tackle shops confirmed the presence of harvestable game fish in the 

upper reaches of the Dolores River (Duranglers 1994). The Dolores River above 

Rico experiences heavy fishing pressure and CDOW stocks fish in the river 

through the town of Rico. The upper head-waters of the Dolores River support
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a viable native cutthroat trout fishery. Silver Creek has little aquatic life because 

of the heavily mineralized water below the mines; however, CDOW has stocked 
native^utthroat trout approximately two miles above Rico in Silver Creek and 

they are doing relatively well (CDOW 1994b).

4.4.3 Environmental Threat

The environmental threat is used to evaluate the threat associated with the 

actual or potential release of hazardous substances from a site to sensitive 

environments specified by state and federal statutes. While no National 

Wetland Inventory maps are available for the upper Dolores River area, it may 

be assumed that a limited amount of emergent vegetation exists within the 

specified fifteen-mile downstream target distance limit. The 1984 EPA sampling 

effort did not identify wetlands or critical habitats within one mile of the site 

(EPA 1984b). A significant montane riparian forest can be found on the east 

bank of the Dolores River within four downstream miles of the site area (refer 

to Section 4.2.1 for more discussion). Another montane riparian forest 

community (Populous augustifolia/Comus sericea) occurs along the Dolores River 

approximately fifteen miles downstream from the R-A site. This natural 

community is ranked very rare globally and in Colorado (CNHP 1994).

Federally listed threatened and endangered aquatic species that potentially use 

the Dolores River include the Colorado squawfish (Ptychocheilus), the Humpback 

chub (Gila cypha), the Bonytail chub (Gila elegans) and the Razorback sucker 

(Xyrauchen texanus). Federal candidate species include the Flannelmouth sucker 
(Catostomus l(tiipirmi$\ the Roundtail chub (Gila robusta) and the Colorado River 

Cutthroat Tfout (^ncorhynchus clarki pleuriticus) (FWS 1994a; FWS 1994b).

4.4.4 Surface Water Pathway Specific Data Gaps

After performing an analysis of all potential site-related sources and associated 

receptor targets, URS identified the following data gap with regard to the surface 

water pathway:
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• Determination of whether proximal impacted wetlands are present on the 

Dolores River.

4.5 SOIL EXPOSURE PATHWAY

The soil exposure pathway was evaluated based on the containment of on-site sources 

and the presence of observed contamination to both on- and off-site soils. No soil 

sampling has been conducted at the R-A site.

4.5.1 Target Populations

4.5.1.1 Resident Populations

There are no known residents living on the R-A site or within 200 feet of 

source areas at the R-A site (USGS 1960). The site is inactive; therefore, 

no workers are on-site.

Rico-Argentine/SIP
Revision: 0
Date: 10/94

Page 17 of 28

4.5.1.2 Nearby Populations

Based on census data for the town of Rico, the Rico division and Dolores 

County, approximately 123 people reside on, or live within 200 feet of, 

contaminated soil areas (USDOC 1990; USGS 1960). There are no 

restrictions to access of source materials on the site. Access roads lead 

to mine adits, mills, tailings and ponds with no gates or fencing (EPA

1984b). ThgdfrA site-is in a National Forest with high recreational use.-
hoiV o\ iki pr»^OrH«.i -fu*. &.-A
OSt vAXO Ox P<aaIcAj| 250 0 acrcj ovs*_

4.5.1.3 Terrestrial Sensitive Environments ^ %-A {»
tU uiv+t-v s^v.1

^ DartaJLi TVja. »■
J)»©Ptr-he J . TWjB, ar£«< neOMUcj

The endangered Black-footed Ferret and Bald Eagle may utilize the R-A

area. The proposed endangered Southwestern Willow Flycatcher and 

threatened Mexican Spotted Owl also may be found in the Rico area 

(FWS 1994a; FWS 1994b). The federal candidate species North American 

wolverine. Black Tern and Northern Goshawk may utilize the site area
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as habitat (FWS 1994a; FWS 1994b). Several montane riparian sensitive 

communities are also found in the area (CNHP 1994).

4.5.2 Soil Exposure Pathway Specific Data Gaps

After evaluating all potential site sources and associated nearby population 

targets, URS has identified the following data gaps with regard to the soil 

exposure pathway:

c
.No. thelTAsite; and

No residential soil sampling has been conducted at the R-A site.
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1.0 INTRODUCTION

URS Consultants, Inc. (URS) has been tasked by the U.S. Environmental Protection Agency 

(EPA) under the Alternative Remedial Contracts Strategy (ARCS) Contract Number 68-W9-0053 

to conduct a Site Inspection Prioritization (SIP) (Work Assignment Number 21-8JZZ) for the 

Rico-Argentine (R-A) site (CERCLIS ID# COD980952519) located north of Rico, Colorado, 81332. 

Previous work at the site includes an EPA Potential Hazardous Waste Site - Site Inspection 

Report (Form 2070-13) compiled by State of Colorado, Department of Health (CDH) personnel 

in June 1984 and a second Form 2070-13 completed by an EPA contractor, Ecology and 

Environment (E&E), in November 1984. An EPA surface water and sediment sampling effort
A

was conducted by E&E on November 14, 1985 and an Analytical Results Report (ARR) 

delivered to the EPA on July 29, 1985. The U. S. Department of the Interior, Bureau of 

Reclamation (BOR) has conducted yearly surface water and sediment sampling on Silver Creek 

and the Dolores River^from 1989 through 1993 (Ecology and Environment (E&E) 1985; U.S. 

Environmental Protection Agency (EPA) 1984a; EPA 1984b; U. S. Department of the Interior, 

Bureau of Reclamation (BOR) 1994). This SIP was assigned to a URS investigator on April 11, 

1994.

2.0 OBJECTIVES

The purpose of this SEP is to review existing data for the A-R site and identify whether data 

gaps exist with respect to the revised Hazard Ranking System (HRS) at the R-A site, and to 

provide sufficient documentation for the EPA to determine the human health and 

environmental impacts posed by the R-A site, thus determining the appropriate future course 

of action.

The specific objectives of this SEP are to:

• Summarize the previous work at the R-A site;

• Identify, quantify (if possible) and characterize wastes attributable to this site;

• Identify waste availability to each migration pathway;

• Identify whether there is a potential for, or actual impact on, receptor targets; and

• Identify relevant data gaps for each migration pathway.
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3.0 BACKGROUND

3.1 SITE LOCATION

The R-A site encompasses approximately 75 acres of settling ponds near the east end 

of Dolores County in the Rico Mountains in the southwestern corner of Colorado 

(Figure 1). A total of approximately 2,500 acres of mining operations have been 

consolidated under one ownership (EPA 1984b). The Rico Mountains are a subsidiary 

group of peaks on the southwest fringe of the San Juan Mountains (U. S. Geological 

Survey (USGS) 1974). The legal description for the R-A site is the southeast quarter of 

Section 25, Township 40 N, Range 11 W. The approximate site coordinates are 37° 42' 

05” North latitude and 108° 01' 39” West longitude. The site can be reached by 

proceeding south fromTelluride, Colorado on State Highway 145 over Lizard Head Pass 

to Rico or by proceeding north from Cortez on state Highway 145.

3.2 SITE DESCRIPTION

Rico Argentina/SIP
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Site description information included here is taken primarily from EPA; CDH; and State
V .... /'SilvKC

of Colorado, Division of Mines (DOM) file documents. The R-A site is an inactive

of Rico. Themining operation located in portions of two drainagesjabove the town 

underground ^workings are interconnected and the drainage water from the mines is 

sent to the St. Louis Tunnel Adit and discharged into a slaked lime water treatment

plant and then a series of 18 settling ponds before discharging into the Dolores River. 

The R-A complex has had a National Pollutant Elimination Discharge System (NPDES) 

permit (#CO-0029793) for this discharge system since 1976 but has been frequently in

violation of permit standards (U.S. Environmental Protection Agency, Water
-<U>

f,| /."
Management Division (WMD) 1994). The discharge has also been regulated under the

T« THcrO)

Or*. rtlvO

Colorado Pollutant Discharge Elimination System (CPDES). The St. Louis (Adit is 

approximately three quarters mile to the north of Rico (USGS 1960). This area is also

K>

the location of a large, inactive sulfuric acid plant and two cyanide heap leach basins.

Approximately one mile northeast up Silver Creek are located another series of tailings
,>t»e flpiles and settling ponds.and the Rico-Argentine Mill (Figure 2). The entire Rico area 

has been heavily mined in the past. The R-A region is primarily Bureau of Land

68-41881.41.00003
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flotation mills in Salt Lake City until 1926 at which time a 250-ton custom mill was built 

at Rico by the International Smelting Company, a subsidiary of Anaconda Mining 

Company. The RAMC, working the south side of Silver Creek, was one of the major 

producers during this period. Base-metal peak production occurred in 1927, by 1928 

the custom mill in Rico had shut down, in 1929 the Depression drove down the 

economy and by 1932 production ha^ ceased (USGS 1974).

Mining resumed in 1934 and/fluctuated until 1939 when RAMC finished a 135-ton 

flotation mill and started steady production (BOM 1939a; BOM 1939b). The RAMC 

obtained control of most of the mining properties in the district during this time (BOM 

1940a; USGS 1974). By 1940, the mill capacity was up to 150 tons j(BOM 1940; USGS 

1974). In the early 1940s, RAMC began selling pyrite ore to vanadium producers in 

Utah (BOM 1942b; BOM 1943). The narrow-gauge railroad line was abandoned in 1951 

for economic reasons. By 1955, the long crosscut from the Argentine shaft on Silver 

Creek to the St. Louis tunnel on the Dolores River was finished, lowering the water 

level in the Silver Creek workings by 450 feet. Also in 1955, RAMC completed and put 

in operation a plant for the production of sulfuric acid from pyrite near the St. Louis 

Adit. Nine years later, the plant was put on standby basis due to a cutback in the 

uranium program in which the sulfuric acid was used (USGS 1974).
tf \ ---- y,
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(3A;
On May 26, 1971, all RAMC mining operations were ceased, equipment below the 500

ll I
leveljremoved and the lower levels allowed to flood and drain through the St. Louis 

Tunnel (BOM 1971). In 1973, RAMC sampled the old mine dumps and began work on 

a 300 foot by 500 foot leaching pad next to the old sulfuric acid plant.^ A precipitation 

and recovery process using three pounds of cyanide per ton of water was begun on a 

pile containing approximately 100,000 tons of raw ore. Early in the start-up, an 

overflow of the leach reagent occurred with an unknown amount released to the 

Dolores River (BOM 1974). Approximately $1,200,000 of production  ̂was obtained (State 

of Colorado, Division of Mines (DOM) 1975a). In 1975, an additional leach pad 

containing 55,000 tons of raw ore was constructed in a settling pond originally used by 

the acid plant. A Hypalon liner was placed in this pad and a 3% to 4% cyanide 

solution used with added lime (DOM 1975b).

68-41881.41.00003
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The Anaconda Copper Company (ACC) acquired the Rico Argentine Mine property 

from RAMC in 1980. ACC began a surface drilling program for exploration, mostly of 

molybdenum (Anaconda Copper Company (ACC) 1994; DOM 1980; DOM 1981). ACC 

continued with both surface and underground exploratory drilling over the next several 

years (ACC 1994; DOM 1982; DOM 1983). ACC also built a water treatment plant at 

the St. Louis Tunnel discharge and carried out several other environmental efforts such 

as pond stabilization, adit plugging, and capping of wells (ACC 1994; WMD 1994).

In 1984, an EPA Potential 1 lazardous Waste Site - Site Inspection Report (Form 2070-13) 

was completed after a site visit by two CDH geologists. Minimal information is 

contained in the report although it did discuss a NPDES permit issued to RAMC in 1976 

with a compliance schedule (EPA 1984a). This permit has been renewed several times 

and currently is in effect through September 30, 1995 (WMD 1994). The report also 

stated that the CDH Water Quality Control Division (WQCD) issued a Notice of 

Violation (NOV) and a Cease and Desist Order (CDO) in 1980 because of RAMC 

problems in meeting compliance limitations (EPA 1984a). The NOV and CDO were 

amended on December 17, 1981, and specified exceedances of zinc and copper 

standards. This led to the development of a water treatment system using slaked lime 

at the St. Louis Tunnel Adit (WMD 1994). In October 1984, E&F.'s Field Investigation 

Team (FIT) conducted a site visit which confirmed that ACC had started water 

treatment operations using slaked lime at the St. Louis Adit. F.&F. personnel also found 

two piezometer wells, between the Silver Creek tailings ponds and Silver Creek, 

apparently installed in 1981 by Dames and Moore as part of a geotechnical study on the 

stability and potential expansion of the ponds (E&E 1984a). A sampling plan was 

issued on October 18, 1984 (E&E 1984b). Field sampling was conducted on November 

14, 1984 and involved the collection of nine surface water samples and eight sediment 

samples. iField personnel noted that leachate appeared to be migrating from the settling 

ponds Silver Creek to the surface water. They also noted that both surface water 

bodies contained iron-stained cobbles (E&E 1984b,jEPA 1984b). An ARR was issued by 

E&E in 1985. The ARR concluded that the surface water samples contained elevated 

manganese concentrations and that the sediment samples contained arsenic, cadmium, 

copper, iron, lead, manganese and zinc at much higher concentrations than upgradient

60-41881.41.00003
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samples (E&E 1985). A NOV was issued by CDH to ACC for cadmium permit standard 

violations in November and December 1984 (WMD 1994).

In 1988, ACC sold their holdings in the Pioneer District, approximately 2,500 acres, to 

the Rico Development Corporation (RDC), a division of Crystal River exploration and 

Production Company (ACC 1994; CDH 1988; EPA 1984b; WMD 1994). Fish tissue 

samples collected from September 1989 through March 1991, at reservoirs approximately 

40 miles downstream from the R-A site, were found to contain high levels of mercury

(F.&E 1991a; E&E 1991b). The U.S. Department of the Interior, Bureau of Reclamation
Juri*.,. vjk*CQ< .T

(BOR) began^sampling in 1989 along the upstream reaches of the Dolores River and its

1 1

CVOCH
<4 tCc'

tributaries to determine potential sources of the mercury. This sampling has continued

and, -while not showing attribution of mercury to the Rico

area, has shown metals
A*-. 5<t*4r **hi ixJt 1\ 0«u:i.sV?iih (>T.'-"tr

t*'* )■

l

' 6 rrnr 7

etals loading occurring, primarily to Silver Creek (BOR 4994).
VI Ik rO S c ^ » in TV CV.(c»tOCr-U6 lt_ , fUj sVv^l oUc'
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Vvj*- ** 1
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Since RDC obtained the property from ACC, violations of the discharge permit have 

continued. Another NOV and CDO were issued in 1990 for violations of lead and silver 

standards. Unpermitted discharge from the Blaine Tunnel on Silver Creek also was
WV|-V' ♦- aE -to

reported in 1990 with a resulting concrete dam placed by RDC into the Blaine Tunnel 

(WMD 1994). The St. Louis Tunnel discharge has also repeatedly failed the Whole 

Effluent Toxicity (WET) testing required by the NPDES permit. An additional NOV was 

filed in 1993 for silver violations and a notation made about wastewater flowing into the 

old cyanide basins in which the old Hypalon liners are visibly weathered and torn. In 

1994, the permit violations have included silver, lead and zinc (WMD 1994).

In April 1994, the property was sold to Azure, Inc., a development company from 

Phoenix, Arizona, who is looking into real estate development possibilities. Azure, Inc. 

has retained Walsh and Associates as a consultant (Theile 1994).

3.4 SITE GEOLOGY

Detailed information about the geology of the R-A site area can be found in "Geology 

of the Rico Mountains, Colorado” by Whitman Cross and Arthur Coe Spencer (USGS 

1900); "Geologic Atlas of the United States, Rico Folio" by Whitman Cross and F. L.
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Rartsome (USGS 1905) and “Geology and Ore Deposits of the Rico District, Colorado” 

by Edwin T. McKnight (USGS 1974).

The geology of the Rico Mountains is extremely complex with the dominant structure 

of the district a faulted dome centered near a monzonite stock. A central faulted horst 

block of Precambrian rock has been uplifted about 6,000 feet. The lower slopes of the

Rico district are generally covered by debris from the hillsides from wash, talus andIA 1 - ^ rr-s;
landslide processes^ USGS 1900; USGS 1905; USGS 1974).

Bedrock in the district ranges from Precambrian to Permian. Precambrian rocks include 

older greenstone and metadiorite and later Uncompaghre Quartzite which is at least

1,000 feet thick. Overlying the Precambrian is Devonian age Ouray Limestone 

succeeded by Mississippian Leadville Limestone with a combined thickness of 

approximately 169 feet. Both formations have been metamorphosed by the monzonite 

intrusive body. Approximately 2,800 feet of Hermosa Formation (Middle Pennsylvanian 

age) is the next youngest strata. The Hermosa Formation is of great economic interest 

because most of the ore deposits of the district occur in it, particularly in its limestone 

beds. The Hermosa is overlain by the Rico Formation (300 feet thick) of Middle and 

Late Pennsylvanian age. The highest formation exposed in the district is the Cutler 

Formation of Early Permian age with at least 2,800 feet of strata remaining (USGS 1900; 

USGS 1905; USGS 1974).

At the end of the Mesozoic Era, the sedimentary sequence was intruded by sills and 

dikes of hornblende porphyry. At a later stage, the sequence was intruded by a less 

silicic stock of monzonite. Channelized metamorphism may extend up to 1.7 miles 

from the stock (USGS 1974).

The ore deposits of the district consist of (USGS 1905; USGS 1974):

• Massive sulfide replacement deposits in the limestones of the Hermosa 

Formation;

68-41881.41.00003
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Contact metamorphic deposits of sulfides and iron oxides inn limestones of 

Ouray, Leadville and Hermosa Formations;

Veins on fractures and small faults in Hermosa sandstones and arkoses; and

r

Replacement deposits in residual debris in lower the Hermosa Formation (the 

rich blanket deposits). j' ^

* CPn

oj
l? 0( V

XT -
3.5 SITE HYDROGEOLOGY

-__ -—\ J ^

The aquifer of concern at the R-A site is the shallow alluvial aquifer. No hydrogeologic 

studies of this area were located during this investigation; thus, the following discussion

is based on assumptions from available geologic studies.
/2.-H in TC.«. \rr~.

As stated in Section 3.4, Site Geology, the valley sides and bottom are thickly covered 

by detritus from weathering and erosion. This material forms a shallow unconfined 

aquifer through which the streams and rivers of the region flow. Hydraulic 

conductivity is assumed to be fairly high (1CT* centimeters per second (cm/s)) (Office of 

the Federal Register 1990). i Some local areas, such as near tailings piles, may seal 

themselves through the sifting of fine-grained material (BOR 1994). The shallow aquifer
■ i

is heavily mineralized in most cases. The State of Colorado, Division of Highways, 

drilled a well on the south end of the town of Rico for water supply for a maintenance 

shop but had to abandon it after a couple of years due to heavy mineralization in the 

pipes (State of Colorado, Department of Transportation (CDOT) 1994; State of Colorado, 

Office of the State Engineer (CSE) 1994).

,1

Deeper bedrock aquifers exist in the various limestone strata in the older formations and 

in the fractures in the formations. Several of the old exploratory drill holes on the 

Dolores River portion of the site, flowed water and had to be capped (ACC 1988; ACC 

1994). Groundwater reaches the surface in the form of several seeps and springs found 

in the area and a number of these appear to be geothermal in nature. One drill hole 

is used by locals to supply hot water to a pool the locals use to soak in (Jahnke 1994). 

Many of the springs contain carbonic acid gas and sulphureted hydrogen (USGS 1905),
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some springs are calcareous due to the high carbonate of lime contained by many of the 

geologic formations and several springs are iron-bearing and have left local deposits of

o»<iron oxide (USGS 1900)
cllc—An £l.

T.
WM.’

ru
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SITE HYDROLOGY
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The Dolores River and its Silver Creek tributary are the major surface water bodies ef 

concern in the R-A site area. The Dolores River flows to the south past the St. Louis 

Tunnel Adit, the old sulfuric acid plant, the cyanide heap leach basins, and numerous 

tailings piles and settling ponds (USGS 1960). Silver Creek flows to the southwest and 

is the source of the town of Rico's drinking water. Below the drinking water diversion, 

Silver Creek flows past several mine workings including the Blaine Tunnel and the Rico- 

Argentine Mill and settling ponds. Silver Creek flows through the town of Rico before 

joining the Dolores River on the western edge of Rico. The only flow rate data is from 

a gage on the Dolores River at a point four miles below Rico. At this station the 41-year 

annual mean flow rate is 136 cubic feet per second (cfs) and the upstream drainage 

basin encompasses 105 square miles (mi2) (USGS 1993). The Dolores River is not used 

as a source of municipal drinking water; however, there are twelve listed diversions 

within fifteen downstream miles of the R-A site. One of these is listed as multiple use 

with partial domestic water supply (this diversion is the St. Louis Tunnel) and the
#1*3 £/3 (cv*3
other* (are irrigation, stockwatering, industrial, recreation, fire and other uses (CSE 

1994).

3.7 SITE METEOROLOGY
.. cVVv< Ujlec «0 11-v.V.stY

--Rcw. uJ < * •

A sfcct

The R-A site is located in a semiarid climate zone. The mean annual precipitation, as 

totaled from the University of Delaware (UD) database, is 12.8 inches. The net annual 

precipitation as calculated from precipitation and evapotranspiration data obtained from 

the UD is 4.1 inches (University of Delaware (UD) 1986). The 2-year, 24-hour rainfall 

event for the site is approximately 1.5 inches (Dunne and Leopold 1978).
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4.0 PRELIMINARY PATHWAY ANALYSIS

This following analysis will consider potential site impacts on the air pathway, groundwater 

pathway, surface water pathway, and soil exposure pathway utilizing HRS guidelines,

4.1 SITE SOURCE QUANTITY AND CHARACTERISTICS

Source areas at the R-A site include the estimated 75 acres of tailings piles and settling

ponds along both the Dolores River and Silver Creek (EPA 1984b).
l.v +* Is5 HMD c g-dso-tTjL (wMP

The Source O-reos aK \

An estimated 400,000 tons of waste-e^ists at the R-A site (EPA 1984b). A number of 

sampling efforts have been conducted at the site. These include an ACC contractor 

from 1980 through 1983, EPA-sponsored sampling in 1984 and BOR sampling from 1989 

through 1993. These sampling efforts focused on surface water and sediment analyses 

(EPA 1984b; E&E 1985; BOR 1994). No characterization of the tailings piles, tailings 

ponds or settling ponds has been located in the file search; however, review of geologic 

studies, mining texts and personal conversations with employees of the old mining 

companies, leads to an assumption that cyanide and the heavy metals typically 

associated with sulfide ores would be the contaminants of concern in the source areas. 

No mention of the use or storage of any other hazardous wastes was found in the files.

From reports in EPA, CDH and BOR files, it is assumed that all tailings piles, tailings 

ponds and settling ponds were constructed with native material without liners or 

runon/runoff controls. The two cyanide heap leach pads that were built did incorporate 

Hypalon liners and overflow berms but these have not been maintained to the present 

time (BOM 1974; DOM 1975b, WMD 1994).

4.2 AIR PATHWAY

No ambient air monitoring has been performed at the R-A site. The air pathway was 

evaluated on the potential to release.
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4.2.1 Target Populations

V0\;
V, Y3

Approximately 92 people live in the town of Rico and 123 residents are listed in 

the U.S. Census Bureau's Rico division which is within the four-mile target

distance limit (U.S. Department of Commerce (USDOC), Bureau of the Census
(111 iftf&reVr ^ftf****-r~ to wQ- Qi

1990). No other residents were located. iThe federally listed threatened and

endangered Bald Eagle (Haliaeetus leucocephalus), Peregrine falcon (Falco 

peregrinus) and Mexican spotted owl (Strix occidentalis lucida) potentially 

inhabit the area (U.S. Department of the Interior, Fish and Wildlife Service 

(FWS) 1994). Federal candidate species North American wolverine (Gulo gulo 

luscus) and 

(FWS 1994).

’ri r%ft)

luscus) and Northern goshawk (Accipiter gentilis) may also inhabit the Rico area
^if
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a* ~7&

rxtt

No National Wetland Inventory maps have yet been prepared for this area (Earth 

Science Information Center (ESIC) 1994). The EPA's 1984 sampling effort did not 

find wetlands within one mile of the site (EPA 1984b); however, it is reasonable 

to assume that forested and emergent wetland vegetation exists within the 

specified four-mile target distance limit. A significant community of montane 

riparian forest (Populous augustifolia-Picea pungens/Alnus incana) can be found 

on the east bank of the Dolores River within four miles of the site. This natural 

community is ranked rare to uncommon both globally and in Colorado (Colorado 

Natural Heritage Program (CNHP) 1994).

ft
lie'

4.2.2 Air Pathway Specific Data Gaps

After performing an analysis of all potential sources on site, URS was not able 

to identify areas where additional data acquisition is required.

4.3 GROUNDWATER PATHWAY

The groundwater pathway was evaluated on the potential to release. No groundwater 

monitoring data is available. The CPDES permit monitoring does show a release of
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silver, lead and zinc from groundwater drainage discharging from the St. Louis Tunnel 

(WMD 1994).

4.3.1 Target Populations

The population potentially impacted by groundwater contamination consists of 

the users of three wells listed as household use by the Colorado State Engineer 

(CSE 1994). Two of these wells are located approximately one-half mile

upgradient of the St. Louis Tunnel Adit and it's associated settling ponds on the
j — .. _ > -W of Ui(

Dolores River.^The third domestic well is at the south end of the town of Rico, 

approximately one and one-half miles downgradient of the source areas and
O"..

below the confluence of Silver Creek and the Dolores River; (CSE 1994; USGS
-foe d OCtvu . " W 5-or . i

1960). Approximately six people use these wells, possibly for drinking water 

(USDOC 1990).
r

4.3.2 Wellhead Protection Area

. U U

The R-A site does not lie within a state or federally designated wellhead 

protection area (State of Colorado, Department of Health, Water Quality Control 

Division (WQCD) 1994).

4.3.2.1 Resource Use

Groundwater within the specified four-mile target distance limit is 

limited to the three household wells discussed in Section 4.3.1 and one 

industrial use well owned by the Rico Development Corporation (CSE 

1994).

4.3.3 Groundwater Pathway Specific Data Gaps

After performing an analysis of all potential site-related sources and associated 

receptor targets, URS has been unable to identify areas where additional data 

acquisition is required.
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4.4 SURFACE WATER PATHWAY

The surface water pathway was evaluated on observed release by chemical analysis.

4.4.1 Drinking Water Threat

The drinking water threat is used to evaluate the threat associated with the 

actual or potential release of hazardous substances from a site to drinking water 

resources. There are no municipal drinking water diversions within fifteen 

downstream miles from the R-A site on the State Engineer's Water Rights 

Report. There are twelve total diversions on the Dolores River, one of which 

includes domestic use in its multiple use codes. This water right is listed as the 

St. Louis Tunnel and includes industrial and stockwatering as its other uses 

(CSE 1994).

actual or potential release of hazardous substances to surface water containing 

human food chain organisms. ACC contractors found decreased aquatic life in

A number of federally listed threatened and endangered fish may utilize the 

surface water habitat as discussed in the next section under Environmental 

Threat. The presence of harvestable sizes of game fish has not been confirmed. 

The State of Colorado, Division of Wildlife (CDOW) conducted fish studies on 

two 500 foot reaches of the Dolores River near Spruce Creek, one and one-half 

miles below Rico, in 1982 and found three rainbow trout between ten and twelve 

inches in length and one small brown trout. The CDOW performed habitat 

improvement in the form of instream boulders and check dams which led to 

increased populations of brown trout between five and six inches in length in 

1983. By 1984, CDOW fish sampling showed greatly increased populations of 

ten to twelve inch brown trout and slightly increased populations of rainbow 

and brook trout (State of Colorado, Division of Wildlife (CDOW) 1994). Local

The human food chain threat is used to evaluate the threat associated with the

the Dolores River in the 1980s, but could not attribute it to the site (EPA 1984b).
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bait and tackle shops confirmed the presence of harvestable game fish in the 

upper reaches of the Dolores River (Duranglers 1994).

4.4.3 Environmental Threat

The environmental threat is used to evaluate the threat associated with the 

actual or potential release of hazardous substances from a site to sensitive 

environments specified by state and federal statutes. While no National 

Wetland Inventory maps are available for the upper Dolores River area, it may 

be assumed that a limited amount of emergent vegetation exists within the 

specified fifteen-mile downstream target distance limit. The 1984 EPA sampling 

effort did not locate existing wetlands within one mile of the site (EPA 1984b). 

A significant montane riparian forest can be found on the east bank of the 

Dolores River within four downstream miles of the site area (refer to Section

4.2.1 for more discussion). Another montane riparian forest community 

(Populous augustifolia/Cornus sericea) occurs along the Dolores River 

approximately fifteen miles downstream from the R-A site. This natural 

community is ranked very rare globally and in Colorado (CNHP 1994).

Federally listed threatened and endangered aquatic species that potentially use 

the Dolores River include the Colorado squawfish (Ptychocheilus), the 

Humpback chub (Gila cypha), the Bonytail chub (Gila elegans) and the 

Razorback sucker (Xyrauchen texanus). Federal candidate species include the 

Flannelmouth sucker (Catostomus latipinnis) and the Roundtail chub (Gila 

robusta) (FWS 1994).

After performing an analysis of all potential site-related sources and associated

receptor targets, URS has determined that no significant data gaps exist.

fL*-

4.4.4 Surface Water Pathway Specific Data Gaps
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4.5 SOIL EXPOSURE PATHWAY

The soil exposure pathway was evaluated on the potential to release. No soil sampling 

has been conducted at the R-A site.

4.5.1 Target Populations

4.5.1.1 Resident Populations

There are no known residents living on the R-A site or within 200 feet of 

source areas at the R-A site (USGS 1960). The site is inactive; therefore, 

no workers are on-site.

4.5.1.2 Nearby Populations

Based on census data for the town of Rico, the Rico division and Dolores 

County, approximately 84 people live within one mile of the R-A site 

(USDOC 1990; USGS 1960). There are no restrictions to access of source 

materials on the site. Access roads lead to mine adits, mills, tailings and 

ponds with no gates or fencing (EPA 1984b). The R-A site is in a 

National Forest with high recreational use.

4.5.1.3 Terrestrial Sensitive Environments
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The federal candidate species North American wolverine may utilize the 

site area as habitat (FWS 1994). Several montane riparian sensitive 

communities are also found in the area (CNHP 1994).

4.5.2 Soil Exposure Pathway Specific Data Gaps

After evaluating all potential site sources and associated nearby population 

targets, URS has determined that no significant data gaps exist.
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5.0 SUMMARY

The R-A site is an inactive mining area which began operations over 100 years ago as a silver 

producer. In later periods of operation, base-metal production from sulfide ores and sulfuric 

acid from pyrite ores were the major goals of the mining operations. The site exists in two 

areas; The Rico-Argentine Mill, mines and associated tailings piles and ponds on Silver Creek 

and a sulfuric acid plant, cyanide heap leach pads and settling ponds on the Dolores River. 

Cyanide heap leaching has been used in two lined ponds with at least one minor release of 

leachate. All mine water drainage has been routed through underground workings to 

discharge from the St. Louis Tunnel Adit on the Dolores River. The discharge is treated with 

slaked lime and is under a Colorado Pollutant Discharge Elimination System permit with input 

from the EPA's NPDES division. The permit limits have been continuously violated with at 

least two Notice of Violation and Cease and Desist Orders issued by CDIL

The nearest residents are approximately three-quarters of a mile from the site. There are no 

restrictions to access to the site. Approximately six residents potentially use groundwater as 

a drinking water source. Several federally listed threatened and endangered species potentially 

use the area or exist within the specified target distance limits. Harvestable game fish are 

taken from the Dolores River within the fifteen-mile downstream target distance limit, but the 

quantity of fish taken from the river is unknown.
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FIGURE 1

Radius of Influence Map
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HIGHLIGHTS:

A) IS THERE QUALITATIVE OR QUANTITATIVE EVIDENCE OF A RELEASE TO AIR, 
SURFACE WATER, GROUNDWATER, OR SURFACE SOIL? DESCRIBE BRIEFLY.
More detail in items GW-1 (for groundwater pathway), SW-5 (for surface water pathway), A-l 
(for air pathway), and SE-1 (for soil exposure pathway).

Yes, to surface water. Surface water samples collected for NPDES monitoring 
repeatedly detect violations of permit standards for several metals. Surface water and 
sediment samples collected from 1989 through 1993 by the Bureau of Reclamation 
show metals loading to the drainages.

B) IS THERE EVIDENCE OF AN IMPACTED TARGET POPULATION? DESCRIBE.

Pathway Target None/target Size Brief Description More
Discussion In

Groundwater Public drinking
Water supply None

Domestic drinking
Water supply 6

Three wells within a 
four-mile radius are 
listed as household 
use. No impacts 
noticed by users.

Section 4.3

Surface Water Drinking water None

Fishery Yes

Sens. env. ^ N/A

CDOW improved 
aquatic habitat in
1982 which has 
increased trout 
populations to 
harvestable sizes.

Section 4.4

Soil Exposure People within 200' None

Terrestrial sens. env. N/A

Federal candidate 
species and state 
species of concern 
potentially exist in 
site area.

Section 4.5

Air Population None No air monitoring has 
been conducted.

Section 4.2
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SITE INFORMATION

G-l. Directions to the site (from nearest easily recognized point).

From Telluride, Colorado, proceed south on State Highway 145, over Lizard Head 
Pass, approximately 30 miles.

G-2. Are there other potential sources in the neighborhood to be aware of as the site is 
evaluated? eg. Is the site in an industrial area, near a railroad, along a highway? Are sources 
with similar contaminants to this site in the vicinity?

No. Site area is heavily mined, site sources are major sources in the area.

Re
source of information:

Background/Operating History

G-3. Describe the operating history of the site:

Early mining began in 1861. Silver production peaked in the 1890s and base-metal 
ore production peaked in 1927. A sulfuric acid production plant operated from 1955 
through 1964. All mining operations ceased in 1971. Cyanide heap leaching 
occurred from 1973 through the late 1970s. Anaconda Minerals Company owned the 
property from 1980 to 1988 and explored for molybdenum. Rico Development 
Corporation owned the property from 1988 to April 1994 when they sold their 
interests to Azure, Inc., from Phoenix, Arizona. A NPDES permit was obtained in 
1976. Frequent violations of the permit have occurred. BOR sampling shows loading 
of heavy metals to the adjoining surface water drainages.

Source of information: ACC 1994; BOM 1915; BOM 1939a; BOM 1939b;
BOM 1940; BOM 1942b; BOM 1943; BOM 1949a; BOM 
1974; CDH 1988; DOM 1975a; DOM 1975b; DOM 1980; 
DOM 1981; DOM 1982; DOM 1983; E&E 1984a; E&E 1984b; 
E&E 1985; E&E 1991a; E&E 1991b.
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G-4. Describe site and nature of operations (property size, manufacturing, waste disposal, 
storage etc.):

See #G-3. Approximate site acreage is 2,500 acres. Sources cover approximately 75 
acres. Tailings piles, tailings ponds and settling ponds typical of hardrock mining 
comprise the source areas.

Source of information: EPA 1984a; EPA 1984b; USGS1905; USGS1974; EMD1994.

G-5. Describe any emergency or remedial actions that have occurred at the site:

None. Anaconda did some environmental work (plugged adits, maintained settling 
ponds, built water treatment plant) while they owned the property.

M
Source of information: ACC 1994, CDH files, EPA files.

G-6. Are there records or knowledge of accidents or spills involving site wastes? Are there 
Emergency Response Notification (ERNs) reports for this location?

None.

Source of information: EPA files.

G-7. Describe existing sampling data and briefly summarize data quality (e.g. sample 
objective, age/comparability, analytical methods, detection limits, QA/QC, validatability):

Sampling of surface water is conducted periodically for the NPDES permit. Methods 
and QA/QC are unknown. BOR sampling has been conducted yearly to trace 
mercury and other metals loading in the Dolores River and its tributaries.

Source of information: BOR 1994, WMD 1994.

68-41881.41.00003
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G-8. Is there any other local, state or federal regulatory involvement? Describe. Include 
permits, and names of contact individuals within each government organization.

AGENCY PROGRAM CONTACT PHONE PERMIT

CDH NPDES Kathleen
Kalamen

692-3603 CO-0029793

G-9. Attach site sketch or schematic. Include all pertinent features including wells, storage 
areas, underground storage tanks, source areas, buildings, access roads, areas of ponded 
water. Refer to figure(s) submitted with text of report if appropriate.

Refer to figures 1 and 2.

SOURCE CHARACTERIZATION

WC-1. Describe each source at the site, on Table 1, in terms of source type, containment, 
size/area/volume/quantity, and substances present. See HRS Tables 2-5 and 5-2 for source 
descriptions, Tables 3-2, 4-2, 4-8, 5-6, 6-3, and 6-9 for containment.

WC-2. Briefly describe how waste quantity was estimated (eg. historical records or manifests,
permit applications, air photo measurements, etc.):

EPA's sampling team in 1984 estimated the total size and amount of source material 
on the site.

Source of information: EPA 1984a; EPA 1984b.

68-41881.41.00003
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WC-3. Describe any restrictions or barriers to accessibility of on-site sources.

None.

Source of information: 1984b.

GROUNDWATF.R CHARACTERISTICS

GW-1. Any positive or circumstantial evidence of a release to groundwater? Describe.

Yes. Surface water and sediment sampling show metals loading to these media. 
Valley fill and alluvial material form an unconfined aquifer that potentially interacts 
with mine water discharge and surface water bodies. No specific groundwater 
sampling has been conducted other than mine discharge for NPDES monitoring.

Source of information: EPA 1984b; USGS1900; USGS1905; USGS1974; WMD1994.

GW-2. Any positive or circumstantial evidence of a release to drinking water users? Describe 
analytes, detection limits, background, hits, number of users, locations, QA/QC.

None reported. Three household use wells are within the four-mile target distance 
limit and serve approximately six residents. Two of these wells are approximately 
three-quarters of a mile upgradient. The other is approximately one and one-half 
miles downgradient. All other drinking water sources are surface water diversions 
from above the site area.

Source of information: CDH files; EPA files; WMD 1994.

GW-3. Briefly describe the geologic setting.

Alluvial material from wash and landslides masks the underlying geology. A shallow 
unconfined aquifer exists in the alluvial material. The Cutler Formation is the 
youngest formation exposed at the site and is at least 2,800 feet thick. Fractures in 
bedrock forms a deeper aquifer. Geothermal Springs are found in the site area.

68-41881.41.00003
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GW-4. Describe geologic/hydrogeologic units on Table 2. Give names, descriptions, and 
characteristics of consolidated and unconsolidated zones beneath the site.

GW-5. Is the site in an area of karst terrain or a karst aquifer?

No.

GW-6. Net Precipitation (per HRS section 3.1.2.2).

4.1 inches.

SURFACE WATER CHARACTERISTICS

SW-1. Mean annual precipitation (per HRS section 4.0.2)= 12.8" . If less than 20", then
count intermittent channels as surface water.

SW-2. Discuss the probable surface water flow pattern from the site to surface waters:

The tailings piles from the RicorArgentine Mill are in Silver Creek with tailing ponds 
apparently draining directly into Silver Creek. The St. Louis Tunnel Adit drains into 
a slaked lime treatment system and then a series of settling ponds before discharging 
into the Delores River. This discharge has a NPDES permit.

Source of information: EPA 1984b; WMD 1994.

68-41881.41.00003
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SW-3. If surface water exists within 2 miles of the site, describe surface water segments 
within the 15-mile distance limit.

Segment Name River/Lake/Type Fresh/Salt
Water

Start (mi.) End (mi.) Flow In 
cfs

Dolores River River Fresh 0 15 136

Silver Creek Creek Fresh 0 .75
WIN/#

Groundwater to surface water distance N/A Angle ©

SW-4. Provide a schematic diagram or simple figure which describes surface water 
segments, locates targets, identifies flow direction, PPE(s), etc. Refer to figure(s) submitted 
with text of report if appropriate.

Refer to figures 1 and 2.

SW-5. Any positive or circumstantial evidence of a release to surface water? Evidence of a 
release by direct observation? Is the source located in surface water? Describe.

Yes. Tailing piles are placed in Silver Creek and tailings ponds are discharging to 
Silver Creek. Surface water and sediment samplings performed by BOR in Silver 
Creek and the Dolores River show metals loading occurring. The NPDES monitoring 
sampling show repeated exceedances of permit standards for metals.

Source of information: BOR 1994, WMD 1994.

68-41881.41.00003
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SW-6. Any positive or circumstantial evidence of a release to surface water target 
populations? Describe analytes, detection limits, background, hits, number of users, locations, 
QA/QC.

No. An ACC contractor in the 1980s found decreased aquatic life in the Dolores 
River below the site but could not attribute the situation to the site. No target- 
specific sampling has been conducted at this site.

Source of information: EPA 1984b.

SW-8. Is the site or portions thereof located in surface water? Yes.

Is the site located in the 1 - <10 yr floodplain?

►10-100 yr?

>100-500 yr?

>500 yr?

SW-9. Two-year 24-hour rainfall 1.5"

TARGETS

T-l. Discuss groundwater usage within four miles of the site:

There are no municipal wells within the specified four-mile target distance limit. Five 
wells are listed by the CSE; one owned by the CDOT for wash water in a maintenance 
shop, one is listed as industrial use and three are listed as household use. Two of the 
household wells are approximately three-quarters of a mile upgradient and one is 
approximately three-quarters of a mile downgradient.

Source of information: CSE 1994, USDOC 1990.

68-41881.41.00003
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T-2. Summarize the drinking water population served via groundwater within four miles of 
the site:

0 - 1/4 mi 0

1/4 - 1/2 mi 8 jt

1/2 - 1 mi 76 n, ^
v° ‘If

1 - 2 mi 18

2 - 3 mi i &

3 - 4 mi
__ul_lL_*

Attach calculations for population apportionment in blended systems.

T-3. Identify and locate any of the following surface water targets within 15 miles of the 
site: drinking water population(s) served by intakes, fisheries, sensitive environments
described in Table 4-23 of the I IRS, and wetlands as defined in the Federal Register.

Targets Dist. From 
Site

SW
Body

Flow 
In cfs

Population 
Served/Size 
(Inch Units)

Contamination
Known/Suspected

Montane
riparian

4 miles Dolores
River

136 N/A Metals

Dolores
Fishery

1 mile Dolores
River

136 N/A Metals

One surface water diversion is listed as multiple use including domestic. This 
diversion is the St. Louis Tunnel, actual domestic use is unknown.

68-41881.41.00003
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T-4. Summarize the population within a four-mile radius of the site:

Total Pop. Worker Pop.

on site  0

0 - 1/4 mi ____ 0

1/4 - 1/2 mi ____ 8

1/2 - 1 mi ____76

1 - 2 mi 18

0

2 - 3 mi ____0

3 - 4 mi ____0

T-5. Identify and locate any terrestrial sensitive environments described in Table 5-5 of the 
HRS.

Potential habitat for federal candidates species, North American Wolverine and 
Northern Gas Hawk. Potential habitat for federally listed threatened and endangered 
Bald Eagle, Peregrine Falcon and Mexican Spotted Owl. Potential habitat for montane 
riparian forest that is ranked very rare globally and in Colorado.

T-6. Describe any positive or circumstantial evidence of a release to air target populations? 
Of a release by direct observation where target population exists within 1/4 mile of the site? 
Describe analytes, detection limits, background, hits, number of users, locations, QA/QC.

No air monitoring has been conducted at this site. No observations are available 
concerning dust from tailings or ponds blowing offsite.

T-7. Identify and locate any potential or known resident soil exposure populations, if 
present. Describe conditions which lead the researcher to suspect contaminated soil within 
200' of residences, if this condition exists.

None known.

68-41881.41.00003
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TABLE 1
WASTE CONTAINMENT AND HAZARDOUS SUBSTANCE IDENTIFICATION1

SOURCE TYPE SIZE
(Volume/Area)

ESTIMATED 
WASTE QUANTITY

SPECIFIC
COMPOUNDS

CONTAINMENT2 SOURCES OF 
INFORMATION

Tailing piles, 
ponds

75 acres 400,000 tons Heavy metals, 
cyanide

None CDH files; EPA files

H'-C A /.s lW WW+- WHD ft
Dc-, *1'*-

Use additional sheets if necessary.
Evaluate containment of each source from the perspective of each migration pathway (e.g., groundwater pathway - 
non-existent, natural or synthetic liner, corroding underground storage tank; surface water - inadequate freeboard, 
corroding bulk tanks; air - unstabilized slag piles, leaking drums, etc.)

68-41881.41.00003
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TABLE 2
HYDROGEOLOGIC INFORMATION'

STRATA
NAME/DESCRIPTION

THICKNESS (ft.) HYDRAULIC 
CONDUCTIVITY (cm/sec)

TYPE OF
DISCONTINUITY2

SOURCE OF 
INFORMATION

Alluvial Fill 10-40 102 None EPA 1984b; Office of 
the Federal Register
1990; USGS 1900;
USGS 1905; USGS 1974

Bedrock (Cutler and 
older Formations)

> 2,800 lO-5 None EPA 1984b; Office of 
the Federal Register
1990; USGS 1900;
USGS 1905; USGS 1974

Use additional sheets if necessary.

Identify the type of aquifer discontinuity within four-miles from the site (e.g., river, strata "pinches out”, etc.).

68-41881.41.00003
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SITE INSPECTION PRIORITIZATION INDEX

1) Site Historical Information

• reports, correspondence, press dippings, interviews, maps, schematics, 
permits, ownership records> waste characteristics, analytical data

2) Correspondence

3) Field Information

• log books, site access agreements, photographs and negatives, field sampling 
plan

4) . Health and Safety

• site health and safety plan, MSDS

5) General Site Characterization

• geology, hydrology, hydrogeology, meteorology, maps

6) Interpretative or Final Reports

7) Target Information

• ground water users, surface water users, population data, wetlands maps, 
land use maps, wind roses

8) QA7QC
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•TAT* or COLORADO

BUREAU OF MINES

INSPECTOR S REPORT
TO

JOHN T JOYCE 
Commissioner of Mines

THE AR3ENIINE 3E0UP M1HS3 Dolor**
Nw Mr* « rivi

April 0,
4

THE ARDENT INE 3R0UP 1* operate! by the RICO MIN1N3 and 
REDUCTION COMPANY, 705 First Nat leal Bank 311*., Denver, Colorado, 
3«org* 0. Carpenter, President; Fred 3. Parish, Manager, Rico, Colo. 
Operating under bond and lease. Omer, 3wlckhlmer Estate, Rico, Colo.

In the same unit the company operates the RICO CONSOLIDATED 
MINES, owner, the Knight Investment Co*., Provo, Utah, and the 
BERTHA 3. owned by 3. L. 3arren, Rico, Colo.

These mines are In the Pioneer mining district, two Bliss 
east of Rleo, at an altitude of about 9300 ft. above sea level.

2A men are enployed. Compensation Insurance le carried.

The Argentine 3roup Is opened by a shaft 167 ft. deep. Fror 
the bottom of the shaft two drifts have been driven , one south and 
the other east. The sine has reen Idle for a number of years and 
the work of unwatArlng It was completed only the day before nj visit.

G

1926.

No work has as yet been done on the Rico Cons, elnee the 
company leased it, except that two aen are employed putting up a 
pipe line to carry compressed air to the min*. As soon as this pipe 
line Is finished, men will be put to work to extend some of the old 
drift*.

In th° Bertha S. there are 5 men driving a rroescut, prospect
ing for the ore below the old workings. This crosrcut la In about 
500 ft. Machine drills are used.

A compressor house, blacksmith shop, hoist house, and trans
former house have been erected recently. This surface plant is ade
quate Maxima for the three propert les. at the present stage of 
development.

TheArgentiM shaft is well timbered with square sots and 
cribbing. It baa two compartments, hoistway and laddsr way. The 
ladder way has landings 20 ft. apart. The dlmenelone of the shaft 
are 4 ft. x 9 ft.
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Commissioner of Mines

THE 9LACE HAWK MIMS
*W NUr m Pltfl

Dolores 

August 25, 192 6.

THE BLACK HAWK MINE Is operated by the RICO-ARJENTINE 
MINIHB COMPANY, F. W. Price, President; J. H. Woodaansee, Secretary, 
539 Atlas Block, Salt Lake City, Utah; A. P. Lofqulst, Superintendent, 
Rico, Colo.

The nine la In the Pioneer mining district li Biles from 
Rico. The ore Is sent over an alreal tramway 2000 ft. long to the
wagon road, then hauled in wagons to F.lco.

1A men are employed. Compensation laaurance is carried.

There are two crosscuts, sach about 350 ft. long. Prom thsss 
crosscuts levels hare been opened. The levels are 160 ft. vertical 
distance apart, and are connected by upraise. The ore occurs In beds
10 ft. to 25 ft. thick, 20 ft. to 50 ft. wide and one bed has been
worked 700 ft. In length. There are five known ore beds in the Bine 
but two only have been worked to any extent.

Ho ore Is shipped at present, but II stored in the mine 
and In stockpile on the surface until the Bill under construction 
at Rico shall be ready to take ore for treatment. About 15 to 20 tons 
a day Is mined at tnls time. The ore la a lead-zinc combine. Until 
recently regular shipments wt 32% combine ore were made to the Inter
national Smelting Company's mill In Utah; with the new mill at Rloo 
In operation ore lower in grade, perhaps as low as 20% combine can 
be mined and milled at a profit.

There Is a blacksmith shop, an ore bln and tramway terminal 
at the portal of both levels.

The trancing Is done by hand. One ton cars are used and 
the track Is of 12 ib. rail.

The ground stands well. 3topee are tInhered with square seta 
and partly filled with waste. Manways are kept In good repair.

Powder is stored in surface magazines.

State Mine Inspector, District Mo. A.



REPORT TO BUREAU OF MINES
STATE OF COLORADO

\ ^ ^Name of Company or i o f £.fj a mi.. ./faalX/.c.±./e.rt C o -
Title of Partnership ) ' ' T , . .
AildrcJa of Pnncipol Offlce iff IE /n£<-r nctisJ ona/ Ztfe. O/tJf. ZotriS* Wc

SaJi wax*..--£Un*A**s-. -- ,------------------rr. •
K>»eo. tithe aod j^uan^ /*/ Sr//»cu -

partner* or nwafri ^

If n«met ml 
K«ro Wf« II

Name* and number* of patented claim* Sj/o mif Siu At /V9T, 7/.. SimMiarCA if **,
I /Vr» /yj-r, JTu/t, S+rf. /7sr*/i£/nc /S^-Li, <~*±*t*r ssj- <

«u>—' n. n r*n. f SieruXuras 71*~*, J*7-t r1 //o/nAmi&ZSS .

_____ ... Total aereage

••If rkai*f*t.
Rdf Md R «»*•« j •'

ame* of unpatented

____ Total acreage

fv you owl tl r*e claim*, or do you operate theta undt r IrnaeT _ 7. a a. a * + Oavt X ------------

If you operate under lease. give name and addrem of eompnnv or pet-won from whom leased -------------- -

Sir. Hm-nr <f Cbc.n Xor f cr^~ /~rus tce. ...- /f/c.a, Co/M*--------------- ------
If you have given a l« a*a to athers Cor all or part of U»« property, state the name* of the leaiinx com

panic*, partnership* or indivitlual*: _ , • ...

v..... / f Manager a- *

...- _____________ A............................ - •
// .....................

itun
P. O. Add re**

l* the work done by votir !e*»eew included in this report f

Hart you a null or reduction work*: . ._ If *o. what i* it* character and rapacity !

Average content* of product* told. «u -~o »r»t. or* .»j *r» *te» "•*»**' — ™A-*

Gold d ,e/ 01. Copper

Silver S. ot Zinc £3. _______'S

Lead .V/ .^0 Manganese ■To

Moi vbdenum T—e- -_____ - Tc

Iron 22 T> Tungstic acid ——. %

Sulphur - To I'rnnium oxjJe —-----*

Insoluble ... To Vanadium oxide %

Fluorspar .  ------- —*-------- -------Sh

< 'rode ore *old ton* Concentrate* *old

♦}ol<i or silver bullion produced. raiue

ton* Alillinv ore produced ton*

Li*t of building* tramwaya, and other *urface improvement* made during the year SAet/ S/euS*. 

Stats t /ic <4 sc. Cc in fs* assar /teascl, S J rdns* Sc/Tuc'r St ss asi±.

Am.unit and character of underground development during year: . J*A.t
WimJPB . ft. Mat* it- Urtfta ft. -■ Oaa^lta..

Ii t.jlH CMT .TTAi’
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IMPORTANT
ELY KILLED OIT and rkturR I RY FEBRUARY I. IM*

METAL MINES AND MILLS

Name of Min* or Plant »*• •«* 0th"r
Snu rwmnrlf

County Pol°F«E_______ .Poet Office __Rlco -----.District -----------

REPORT TO BUREAU OF MINES
STATE OF COLORADO

OPERATOR. ,on ™B ***" ’** 7

Name of Company. 1 at. Smelting A Ruflning Company
Partnership or 1 — - - -
Ad“nf Principal Offic, 722 Ch.itDUt Strw.t. St. LWi-.J*. _

Local Offic. Rlco‘ Colorado

If incorporated, under the lawi of what «tat«T _ . - -----------

VI’

Ov
V

Name., title* and 
*i!dre**e* of offi
cer*. partner*.

_
Nam. and Add re*, of Owner S*»" M_ °P**»tor

/Name* and Numlwr* of patented claim*

“’ “**‘••"** iNnme* of unpatented claim*
Total acre*re

_____  Total acre**.

Do yon own the.j claim*, or do you operate them underlease? Mlpta
Wax your property operated In whole or In part durlnt the peat yearT— devoid
If you have given a ieaM to other* for all or part of the property. »tat* the name* and P. 0. *d- 
flrea* of the leasing companies, partnerships or Individual*, together with the name or description 
of part leaned, next below:

nca A 
st work

I* the work done by your leaner* included h) thb report? .. .*—--------------------------
Have yeu a mill or raduction worlu?__I?____If ao, what it It* character and capacity?------------

Llat alt improvement* and development* made during the part year drifting from---------
wain tunnel end uprelee fron drift.

PRODUCTION Ron*

CRUDE OR SHIPPING ORE: No. ton* Average gron* value per ton g
Tbtal \ aluc $ . Average grade of different metallic content In ore* a* follows:
Gold ____ or. Lead_____  __ % Copper -___% 9ulphur --------- %
Silver or. Zinc_____ —% Iron _. % . Insoluble-----------%
MILLING ORE: Ton* milled . Milling proce**e* employed
/.verago groan value per ton crude ore milled 9 . Average grade crude ore milled In dif
ferent metal* a* follow*:
Gold  o*. Load   % Copper .................. % Sulphur _ %
Silver ___  oa. Zinc___________ % Iron -----------------% Insoluble ._.%
CONCENTRATES: No. ton* concentrate* obtained from ore* milled . Ratio of reduction

tone into 1. Average value per ton concentrate* t . Total value I
Average grade concentrates In the different metal* a* follow*:

Gold  0( Lead  % Copper % Sulphur %
Silver_________ oa. Zinc___________ % Iron------------------% Insoluble  %
State average coet* per ton for mining I------------- hauling I ----- , freight I ------ ,

milting >....... . *meltlng 9---------------



ft 4/' Hf'fneT
I °\ 3°i e /f«t <Sr Ml StC -/«•<*-/ Alil j*l,&f*A

P-C • He.

Moo Argentine Mine

TCFL3EirrT a-e **pfely stored lr wall built aaparinew, corrplylng with 
the law, !>t Blnine Tunnel and Block Hawk Turr®l.
CAPc are ~tored in a safe place.
CARPI PH le stored lr. e safe dry place.
Jnly on® dj**c supply of explosives is taker: to th.® tr~®rtln® '’’urrel 
a"d It !«• Aafely stored.

All these tunr.®ls ar» equipped ~lth Tlect-ic riH~tlnr Machines, 
and v»oth electric s^d hr*'"’ 'u®e vlp**ttn' is dor®.

TLRf'T^i "!'~v ir used **t l m®" (Plain®) ""unr® 1 wOr ? o-~ power purpo"v« 
anil 'urfae® llKhtins. It i*» taII install*:!. tr.f •»i«t ®1 *»♦’ 1 puarded.
~F f * ' r t -»< *. n -o| (*o—,-ft*7 o' rrnt®r and chenlcs 1 extip—
pui-h®"'. Turn® 1 i«* ®?uipo®(t with Fire 'oo~.
it Flack H»wv T‘^r_el, -*ir® protection 1® ch^ricpl “7f. r ruiPh®rs.
Bull di , lor. ^il at » safe distance froc. ,.iin® or®ratlons. Tunnel
1- AAuinne4 ~ith Fir1 noo".
Ho fir® protection at A"'entire ?unr®l. ?uildirr~ a-® * oca ted lefal 
di stance fr^i! tunnel s® -■•'l- ®. :*p~® r)-n njo«,

TTKTILATICF is natural and 'ood. thrJU'ho-t.

iar?:j . ••" property operated continuously th-ou'hout th® ye®r.
La"'® uodl"° of ore hp-e >>®er. uncovered ir th® ****rious wo"kln' tijrcea.

Late in 19R& eon-truct!or o' a t3- y.m its® At»"t«d art "an
corap]®t®*l ir. it*P9. This Mill has rot ve®~ op®rPtert to date.

f}Q*ra~a— they ®meet to production e^out jur® l^th.
Constructi>ji • ~ Tcilinre Mnnopal "3-d -®c®^'ltate«l the construct! 8T 

of 1 ft. o' 'luno «ri 4itch to ch.pr'e th® ccurs® 0' th' creek, which
1 - the an in —at-sr eupp?” of the town j• "i.-o.

Th® ',x3,,nr" owr* •> bulldir.r in °ico. ij 't. r n2 f* . whtoh houses 
a larf® cat 'rpillrr factor, ard has llvirf poor, in "®«-.

*h’®-vt h j r “ i~ ~one 1 ly clea*> and. C"d®-~iy avout tli- prooer-
ty.

Respectfully ruv ti* t®d.

‘s'o ■ tn®

L/C--

- 'ist-lrt '0



County Dolor** . . Poet Office ... ....... . Dtrtrkt

REPORT TO BUREAU OF MINES
STATE OF COLORADO

OPERATOR. '<>» '•» ®

Name of Compcny, 1
Partnership or 1----- ... kioo Areentlna 1’irUnr ~-<aaGany_______ ____
Individual
Address of Principal Office 1J2 South Rain Street, Salt Lake City, t tah 
!<ncn! Office Ploo, Cnlnrado

If Incorporated, under the laws of what (tate/ ltali
l J. C. Johnson, Prweldent 1’8 Fourth Rain, Salt.Uk" ‘'lty, <>„ 
] oolloy, leo !r~j. " *

3. H, Hall, Troanur-r *24 MmT*h Va'r., 2alt 1 «V» 'Jty, 't.

f it ;.^ol«L*. itant»ry----- r tty, Lt,

Name and Address of Owner ;-.l«o Areantlc* HJnlrx. Coppary _________

Name*, title* and 
addmave* nf offi
cer*. partner*.

/Name* and Number* of patented claim* ■ No chau£0* ________

harw Iwm IM«4 In I 
»*•»*••• n>i»I a / 

Mlf fhMMM. If__ ______ Total acreage
•’’‘“'jNnrnes of impatented claim* Ho oh*nce«. . . _

Total acreage
Ilo you own these claim*, or do ynu operate them under lea**? '.Te own thPBs

Wa* your property operated in whole or In part during the pa*t year? _ .^fltirp yew*
If you have given a lease to other* for all or part of the property, state the name* and P. O. ad- 
dr*** of the I earing eompanie*. partnership* or (ndivldiiel*. together with the name or description 
of part leased, next below: .

Won"

I* the work done by your lessee* included In thl* report? _______ ______________
Have you a mill or reduction works?_Jfee» If so. whatfs Its character and capacity?...flotation
■ill, 135 tans. _.. _____________

T.!at all improvements and developmenta made during the past year
Now *1*11 eo-t <82,000.00 New aim "q- ljnent -os* »l8,000.00j *'in» -Welor-wt

- 260,1*13.00.

PRODUCTION ROKR,

CRUDE OR SIIIITINC ORE: No. tons Average grosa value per ton $ .
Total vnluc $ . Average grade of different metallic content in ore* as follows:

Cold oi. Lead % Copper __ % Sulphur %
Sliver oi. Zinc % Iron % Insoluble %
MILLING ORE: Tons milled . Milling processes employed

Average gross value per ton crude ore milled t . Average grade crude ore milled in dif
ferent metal* as follows:

Cold —ou. Lead % Copper % Sulphur ......  *
Silver ------- ot. Zinc ------- -------- % Iron-----------------% Inaolubl*_______ %
CONCENTRATES: No. ton* concentrates obtained from ore* m'TH . Ratio of reduction

tone into 1. Average value per ton concentrates ( . Total value I
Average grade concentrate* In the different metals a* follows:

Gold----------------- ok. Lead -----% Copper .. «t Sulphur_______ %
Silver-------- Zinc% IronX Insoluble%
State average costs per ton for mining I , hauling | ______ freight f_
milling $...... ......... . smelting <_______ _



uu2j

PICO APG2n?irC LIHIilG CO. 
P.ico, Colorado.

ope ipcixicrr::?. 1939

le„.l - -i:;c cps:

rilled - l"*,673. . illinr frocere ecpl-ved - ^elective -lotntl'
•.v r'ire •toss r lue per ton crude ore tilled __
.verace >~rnde of erode ore r..ill9d in di fferent tefnis as . ollowa:
'Old C.C1or . 
silver 5.85 oz.

Lend 6.45 j. Jo- er 1.06‘j. dul \iur Z7, (o>..ro3t)
ire li.L.To. Iron 110. j l^uorooc) Insol. 15. > (nppr

* .w.-j!

Tor.r tilled - 1.011.6. . i liu~ r'cess ec ploped - Plotat ion
. v e r a ~ e rross Tolue per ton erode ore tilled
-ver re rrace of crude ore tilled i" different etnls as follows:
Sold C.i 06 02. ( nrer J Lead I.Oj ror.) Co-^oer 5.16 .< Insol.-- 
~ilv--r 4.06 02. -inc 1 .r.5.? " Iron ------- ouluhnr-

- - w

Ions tilled 10.573.1. Ions lead concentrates 1,1.34.4. Patio of con
centration 6.59
.rernre net v lue „er ton of concentrates *46.44 lotal v:lue .57,064 
verare rr* de of c o.cer.trates in di fferert tetnls as follows:

lold 6 . 015 02. 
silver 19.15 02.

Le'd 5e.95- 
- inc 7.9i;lj

Copper .75 3 Insol. 4.^4;«
Iron 7.71^

.lit 1 •*. w.. . ^ .

->» « 
» W. . W zi;c concentrates 1,654.1. Patio ofIons tilled 10,673.1. 

concentration 6.45 
rerzre net value cor ton of concentrates ^4.10. fotr.l value £3 9,609 

-vtrrace s*rade of c o, centra tea in different net.. Is c follows: 
lold .106 02. Lead 3.06,j Co cr 1 • 52£?
Hirer 4.719 02. .ir.c ff. 50’ Iron 5.94,.?

* ry •• 1 “*> m ‘ _* ̂  — - - • v - .♦ »/.i. a - *— * a ) I

.or.u tilled 1,011.6. Io..c co er c ncer.trutes 150.99. patio of 
o..cortrati on 6.70

•*r ton ' .co trates .59.31. lotnl value .S.y54.- 
.ce:.t* t«s i.i diffore t et* In nr follows:
Le-. i 5.90i :o cr .1.65 ? I:.sol. 6,-X>j
i r.c 5. O; I roil v.4.40 J.

verve not r lue 
.vere re - r

1 Ive r
■>2 .

15.775 O'- .

r
«
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LIbT OK mz pwcnjiiriES rtJRruASKn

KAUE ;• CLATi' suhvky

Half Loaf 0017
rtlrhland <>ilef 0011

Lowland Chief 0017
Little Zulu 8017
llnncy Isanka 8017
Little Ceorre 8017
Little l*or,*« Extenelon 8017
'lal i’alrttor 8017
Chohoetan 0017
h/’\ .ion Patch 0031
n/0 Hillaid* fi, m, #3 7994
5/n dome 0031
Chnnrool; 41132
Jtar "(OUto 6970
Ye nicy Doy 6969 •
owl)* i*lor 5912

’ill an 1449
Confl dence 1447.,
**1 ore neo 1452
.xoelsior 1451 .A
learquita 1450
Atlantic Cable 1136
Tuleh 1513
divernide 590
Little Carrie 8392
*• • n»• —• • • 0017
Artec a, S. 367
?1 o renew l!t .*». 1452 0
Kroelaior U, Z. 1451 3
il-hty Elr.ht 734 0
f>/3 ’.oia of 3eai>tv 1164
Croup Tract
Sraroyard Tract
Thonpaon Tract
llinoral rirhta under streets and all-vs
Mineral rirhta under town lota - Rico
Kino ml rirhta under Atlantic Cable
Mineral ri-hts under Culch
Mineral rirhta under JUversI >
Mineral rlzhta under -’erwi Tract
tfln«ral Rirhta under 0.C.H, t.rceta
Aetna 0796
!nj. 0796
Caw Tooth 6796
Ihimnro 1441
Apex 11503 A
.laid La-le 10122
'.’rledonia 10122
Little Johnnie 10122
Kure'ea 020 5
enterprise 5916
-'motion 11014

• '•ol den Are 5956
ilnwntha 6393

v,.tehen 5917
'Jntarlo 5923
Cllwer Arc 5031
Cone 31rd 8322
Thompson 6334
/eatal 62 52
Aspen 0612
1-oat Chnnce 6512
brittle SllTsr 7450



*
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IIAUK OK CLAIM SURVEY

Corrtnot OflPG
Confidence GH95
Holan C, 7977
Lucy 1456
Uilll8 7988
Silver dance 6201
Silver Glance #2 5201
Silver Glance -“4 7976
S. M. C. 7986
Snow Flake 6216
Syndicate 2185
Star 6199
Golonido 7469
Stnphnnlte 7980
Vi't L, Stephens 7017
Now Discovery 1461 A
Uni1 5911
Loon Tree 1230
Laura 5913
Molntyrs 12302
tlir.ht T/atch 5976
Rodeemor 12304
Sun up 5910
Ute 6796
Snow Hake 5909
Group M. S. 11583 8
Now Discovery U. S. 1461 8
3/4 Franklin 564
22/24 Ooldon Fleooe 226
22/24 Isabella 2039
22/24 Now Year 1538
Old ilickory 7979
Old Discovery 7975
Chostnut 435
Novfnan 436 A
Swansea 434
Telegraph 780
Black Cloud 8098
Fowtor Dollar 8098
Y.nlmar 6513
Matchlooo 6739
.‘.'ownan M. S. 436 B
Aorial Trnnnmy 
Imorovomonts at Shamrock 
Improvements at Atlantic Cable



STATE OE COLORADO

* t l1 *. w • •• I i • ♦
V ; i. — I »; ji a — <»v f j
•»j t r r;. -* -v , «# f •

. bureau of mines

INSPECTOR’S REPORT
Di^rifi N«. . »w

Rico Colorado

.................... - Uav 1«. iA40 •

... . .Hxc: - i&aZZELWR -1HCZ . ... ------------- —------ ---N.i!W U Min'. Quarry or Flaut

location fl. nilae. «a«.L_jr JLujA, Colo.. .>f POloraa
(Nmrr*«t*orfomwi RjkC3f jra’-olPiore-r.

„w„,r • «*• <**' yy *ut3 •

Rico Arrwti'no yirir.*: '•ocrnry
.vuirea. Dooler Block, Skit L^ko City, rtaft

DiBtnci)

V" • *■

<0«i

A.Mr

o Rioi Argentine iJininK C<rtr*ny
• • * • •» • * j.* i •

- J.3.Jolimron, Pr-eldent ,
l^l -*iT3t Ave., Ti.lt Lake City, Utah

w.c.Seeley, M-»or»Vc*y „, • .
„1T2 Md i 1 * V n»1 • **< * -

-j '^pi General super lntend*mt, Rico,cok>

Nairn* of Air^nr. (I^prnl Manajrrr or othrr ofTi't r on wh«w lo •wr'» untie**
C.T-Ven vinkle, 3©r. V«naK**r, Tooloy Block, Salt Lake City
■'■;•. ‘ 1 Utah.

••
f • • * • » * • ♦ • . •- J * . »,?*•, 4 * *
Name arid iWWmw ni Joeril nwwairer »»r p«-rMM: a <Er*rt ebiinrv of ope«ilioa* *f mill.', guwrry or plant

C.T.Var ^lnkle. Car. UPpeRer, "ooley Block, Salt Lake '’1*7, Utah

Character of «re or other prorlu.-t*
*<* I"' • • 1 J ' •/•

Number rmplnyrd uaderKrouixI m.

culphilos, carrvlr.F cold, .filler, ia«d, irer.
jnn*i*.©=*, conper *nd ?ir.e.

> On»urf*,. 5 . Mill !• UiecellaneOue fi

R*tn.irk» CCVF5TAI1 -W IV:IF/SS., 1. carried.
AOTinarr HE?./IT BLACTt: are cm **ar.d.

HAVR T^lLTPHOFT. .
TTRTT Air PI’F^LITP are provided. 
have cKATcs RCTir.
SATETY A SAKITARY COKTIITIOKE. in funeral, ara eatlftfpctory.

)RSC®IPTI0R OF M1KB: . Thie property lr deyelopfd, f>v« levels, "t

11 fr**T^tntvT« year" th© coopnny has carried on the rollowlnk dereJLAp- 
p*- • rv^3«TM>otln«: pro^rna-- They *de*ne©d the Plairie Tunnel, ^>1^

^ thi n-tin h«oiagewey, in a aouthe^terly ‘-irec-ion and croaa-cut ^



MT m?»--r. *
» 8 M I

;i.s*a-crrf78 7po anXii >**.T7?S*#ii*»X* 1.. b aO.'TC' -►•
»*■■ * i .;u»i.;;- ,

t3 the henftial ^li- Of the PLaofchank. 
or <trt7t and outs. They have oanpleted the
2*1se gjcich. '’onuot* the Alain* Typrel with the Argentine Laval .
3n this Blaine Level th*y have done 70R ft. of diamond drill proepe'ct— 
ir*. 'Vhar algo *runk a to rt« winra. making a total of 1773 .ft. of 
developing and pr-Tspectir.£ on the Blaine Level
~ On the IliUQOlt TLunrtal Level they drifted 32 *"*.. on the Htm^olt 
^vnre. This level le 40 ft. above the Blaine or usir Tunnel.

In Uv* Argentine runnel, vhlch 1« midway bet-een Blaine and Black. 
Hawk runnel*, they have extended the drift on the Allegheny fleeure R1 
and the raise 49 ft, besides sinking a winre *» ft., asking ** total of 
138 ft. *f dewlopment or the Argentine Level.

At the Black l-'awk Tunnel or Log cabin Lsv*l, thd'* have ral*ed *1 ft. 
and drifted 1B0 ft. on the Allegheny fissure.

The ore is found ir. beds or chimney* o^ -arton* *1 res *rd 1* n*«u'*- 
**”1*»* vpr7inf in width to 8 or no-* feet. The o'*-' i-* j» ■'.J.phlde, 
oarryln* sold, allv--, lead, copper, iron and si^c. stated value is 
iin.d' p-* ton.

ft

Leed-rine ore lw aired in the ^lalne Tunnel in 10J Etope, 104 Etope, 
1JP. etope. iln Bsi~e. 103 ’’M"'. fo.n rtor* on wo.l pad and Vo.2 Stone 
or. Yo.2 Bed, in the Huaboit Tunnel or. the Kinbol* or t! n .

--*• * > * :' -"I in Argentine Pad Yo. 4, Ho.l and Ho. 2 and on Black 
Hark Lev*] in B7 ° f?V.*4<i "••' ~ * "o. f.

Coprer ore i* r.i***J v- *1* rtv'r.e Tunnel only, in U0 Stop*,
101 Etope, no.n rtope of v0.j ?*d a**d copper Etope.

They a*** milling a^out 100 ton* per day of lead and sine ore. They 
shin ddO vet tons of lead and *lnc concentrates per month. .

when milliv- copper ore they mill 104 tona per day. They ship 
about 22 dry ton* of cop^*r *or cert rat as per month.

SUKFAC1: TLAvr: ^he uoitem flotation Will is of 1*0 tons capacity and 
is 3r concrete and. steel construction covered with galvanised oor-ugated 
iron. Souiprjent consists of Ohe Bins, Crusher, npi•* -l 1- «, t.]i ?!*. ,
7' s«* ' flotation Units, conditioning Tanks, Thickening Tanks,
filter*, Pv*apa, .1 ii.ve/or . «-lVu, etc. An. inclined Conveyor Belt deliv

ers the o-e fron the Crusher to OOC ton capacity Secondary Ore Bins, 
thence to tire Ball Hill.

At the Blair.e Tan. ? 1. Uiey nave ofriUrded lim 2T?y and Change °oaa 

vy a 4O’ x IV one-^torr *ddltian of wood ronatructlen covered *lth 
jalvanlred corrugated iron, aquipy l C si’7 •-*73 and individual
loc.-cnrs. *kv scke.oith nv vr *as «i«s be*p. enlarged wrd lmpro-ed.
Jth.er bull'Uv<7« »* r'-ir.-j Tunnel include A^ssy Laboratory, a building 
housing V.1H Office. Store boor ppd s ^ully equipped *l?»t Aid Boom, 
and otiier suall buildings used for variou.- puroo"-*. T^n Ter-.:lr»l«,
^ ^1r* and fro4- Sheds. The =alr fur face Zxpli^i**-- •"* nag* Usgavlne 
is at Blaine Tunnel.

Ho CHgy?.

UVDT i - • *. , • •: setter/ Locaaotlve. At] thi* nah^'t 1- 1**

500'* corettion.

TJMBT°IH(J: aoneldrraHl- timbennf is neceannry lr. this ,.\ino and is
•ell installed.
ALL CPTNIHCS «— well ccrored and guarded.
• inn—r mTfS «,]] in*t* 11-kI an.l In rood condition.
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EXPLOSIVES are aafely stored in sell built rasgsrlnes, complying with 
the law, at Blaine Tunnel and Black H»wk Tunnel.
CAPS ere stored ir. » safb place.
CABBIP2 la aafely atored in p Vy. oisee.
Only one day'* supply ef explosives is taker. to ‘h** irr?er.tine Tunnel 
and it is safely stored.

All the*1'* tunn*»l*» -«ra equip^d 21ectrv»*. -if".inic iiachlnes,
and both »i8 Jt-le end hand fuse blasting is done.

S.ECTPICI7V is ured at lower (Blaine ) Tunnel for power purposes and 
surface lifting. It is well installed, insulated and guarded. All 
stations underground are electrically 1 if ted ■ * }ih,r*r *.eiephones to
the surface in all stations.

no? PROTECTION at Blaine Tunnel consists of rater an * clAiilaal extin
guishers. Tunnel Is equipped with Fire Moor.
At Black Hawk Tunnel fire protection i* ohemlcal extinguishers.
Building** er* located at a safe distance from mine operations. Tunnel 
ir equipn**.* -»ith Fi-'e Poor.
Tire Protection at Argentine Tunnel is chemical. Pulldlngs are located 
legal distance from tunnel opening. Hare Tire Poor.

T5NTILA7ICT i*- both natural and aechar.ical.

UISC3LLAV30US: This property operated continuously throughout the year.
Milling of lead and rlr.c ores and of copp-r ores is done on separate 
days which explains the different tonnages.

They started milling operations in September 1939, end hare operated 
continuously to-date.

They hews a very successful tellings disposal plant.
The casrary om« .« "•'uilding in Pico, 40' x 30' which houses a 

larga cst-rpillar tractor, and has lining roan in rear.
2rerything Receptionslly clean and orderly about this property.

n»nn. ful 1*

♦*1 vir>» inspactor. Plat Bo. 4
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rr> A st. Louis

in driving the mein heeding end for -aleln.e end drifting «t that point, 
•xuipaert ooneiete of eleotrieally driven reversible blower, and large 
flexlV|l® tubing.

TT.H*: PROTECTION lo '’Oth vater and ch-r.i'ai extinguishers. All eu-face 
buildings are spaced a safe distance *-part ?-.l arr vull * of ~*oo \ •*->•*»- ’ 
-d*v ■p’1 ’"'ni-ed corrugated Iron.

lUSCSLiA'*'30tfS: The ore la found ir. ^d®1 «r. * i'l***..re **?irr of ^arlou® 
ridthc and •sir'*®1, rn-1 coral**** of ;;'t®ri®9 ~u]nhide®,e**—"iny lead. nine, 
copper ».r.d omi.Irtra'oie oilier, in '’arioue p«-ts of the nine are lot- 
ner.r® *'®d* of Iron pyritee.

Aj» unue^el '~r ’*ur* o-r trua p-onc-ty 1® th« en-n «— Lr.gs locate 1 
beyond the Mountain Spring* Pal*-* jr - rO'**l v i; .-.rift. ?)*»** 
rpnn '•lee ,*s*on *'rn ~td« o? t!'' r*i_ tun-el, and ra—tlculs—V.' th— ou-1- 
a dlanond drill hole, rara rrtf r '^•oiu t!iv *rl 1 b •■> v- 
drilling purrowe*.

Experience'! .liner* a-* a;;,,lr,‘■’ * *11 tine*, and every preen i-
tion ie token to safe-guard both aer. ar.d pro^-ty.

Trerythirs” i* olear and orderly In and a^out the property.

ne*T>nct ful Iy •» a**:. * * - ’

'otal i:ine inspector, District No. 4
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ALL OPE.'I2.,&3 are well covered and guarded.
LADDERS are well Installed and In good condition.

EXPLOSIVES: are s«fely stored in well bu 111 magazines. Also underground 
distributing magazines for dally supply of powder are keot under lock 

and v,Present powder regulations ere fully observed. Licensed mine 
foremen dispense powder to the v«rlou« working nieces. They also keep a 
record of who receives the powder ®n<5 where It Is u®ed. They *lon<* hr.ve 
the keys to the magazine.

CAPS are safely storea.
CARBIDE Is gtored In a sr.fe dry place.
3oth electric end hand fuse blasting Is practiced.

ELECTRICITY Is used at lower Olslr.e) Tunnel for rower purposes and 
surface lighting. It is well lnp*.«*lled, Insulated and guarded. All 
stations underground are electrically lighter and have telephone to 
the surface In all stations.

PXRZ PROTECTION consist® of hlgr. pressure water end chemical extinguishers 
and temporary fire doors.

VENTILATICS is both natural and irecr.anlcsl with electrically driven 

blowers.

MISCELLANEOUS: This prooerty operated continuously throughout the year.

31noe last report the Rico Argentine Mining Compary has acquired 
over 250 acres from the Pellet Interests at Rloo. They have also 
acculred all tr.e holdings of the International Lead Company of Rico.

31nce last report, they Installed a new saw mill, and they are now 
sawing considerable timber of their own to augment supplies available from

They are also installing a new electrically-driven pump at t..e 
Argentine Shaft.

They are experiencing considerable shortage of laDor.
Priorities seem to be satisfactory.
They have a very successful telling* disposal plnnt.
The company owns a building In Rico, 40* x 30' which house* a 

large c«terolliar tractor, and has living room In rear.
rwarvthinc la exceptionally clean and orderly about this irorerty.

St®te Yet®-! Mine Inspector, District Mo. 4
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MS MADE WIRT 
FOR HALF V1941

Him. r«k Tnr (he fJr«* «it atnaffca 
■tf l!HI (hr R'ra ArtMKlM> Ulilf Cm. 
prfii.rl« profit «f S1K.K1M after <Wnr*
(I««|. f..r itcpr** latino and hat

i hefme f.-,|rnil a.wl mate Incowe fasan.
1 Thl* eon»|airen wlto KT,.JX\ for (he llhe

l«-rl.Hl ..r 11*1(1 anil Kki.ltl? Tor the pre- 
v|nu« »lt mom ha

(ir<HM> Income. Irir.mllna H()5.<wn In 
'"•"I -"'t* awl *10]^ ainr ante*
Wle.1 «30B,.1T4 aaalnat tl7B,2M ftir tV

, nnrt half „f |ii4o
' "fflrea are fit t.U *. Main

■*- AMI Labe air. I rak, am

MAKifi RKPNT Ml 

>♦ 1942 OPERAD0N

MW. ( ate Q. T. Van
Malt I ike C1t>.

I t. ..{t.-mlIlia lirrt*. «li..wk In hi*
re|"trt f«»r 1IM2 a net profit to carpia* 
off MU,anc before proetaton for kptr 

| linn, •♦♦aapareri ' lib >(*>.074 la 1941. 
Total returns amounted to $471,261 and 
total espenae Inrladinp 172,00 for new 
w|nl;.me»il nnd '•onatrnrtkai miw to 
Mltl.tlMH

Mi-tul* |.nnlii. »il from .'IWV tooa of 
l. jil iinmiirtlni and (■►4T< (one ui alnr 
.•Art.'oiiirnpe, «rrc u» follow*

Hold In lend i-onceotrate. 67.58 uc.; 
«o|..U . alt*' concentrate, 711,10; 

mill. 1*7 68 ot
811'ec In lend concentrate, MU07 on.; 

■ll»er In alia- '•noeeotmte. JBJ 
total atlver, 110 706 on.

Ia-od In lend concent rnte, l .VtO^ViS 
llw. ; lend In alnc concent rate. t.tA.RTO 
Ilia total lend. 4,685.545 llw

/l»e lii liwd concentrate. 346.460 Ibn ; 
•die- in *Iih- coiHetitnitr. 5.1MB.1M Ibn ; 

loin I due, il'.'H ..VCI Ibn.
In addition '-170 tone of pyrtttr onr 

««.*n* milled mid not11 to 
rioter*. rile crude of ..re 
nit dnrllifi U*t. and (be 
eijieet* fur ora Me rwulta 
• Mr rent •lOl.b naaeta total 
niftretit IlnMIlthw 
■ >|Nl>eiil for lie 
of k' lftlha ct* 
lllld ettafl Inking. »i 
of iIIiiii.oImI * ..ft* *1
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IMPOST ANT
BLANKS SHOULD tl COMFUmY HUJD OUT AN*

nr AX KTOB ABD BUI

rou oiw

Addre« of Prtneipai otriee .U2 »mMi BUn 3tr**t, I1?*-

Ricoj C«lo.
If incorporated, under the lawi of what etatet UlAh.............

... 3aa Jo.,. X>U

Norn™ and numbers of patented claim*

Names of unpatrnteil claims

Plant  Jft-Sk ta*

, District.

REPORT TO BUREAU OF MINES

STATI Of COLORADO 
Far tbs Taw l*i.

Total acreage

......................... Total acreage.........  .........
|).. you operate these claims yourself or are they being worked under leaarT Opnratad undar la

Was properly operated in whole or in part durinn the paat yeart„.--------- ----------———----
If you have «iven a leaae for all or part of the property give names and P. O. addrem of aaid leaner*, together 
With dearnptinn of part l.amd Vanadium C®T»oration of Amarle*, Kcotlealla OtAh ^aratad

of Xroa fyrlt..1foP «- l» thalr T«|ajM-----------

la the ar«»rk done hy your leneeea included in this report t H* °PV'tlOn othsr Uw\ MIsCAISSS-----

ffan you a mil! or irdurtion workit—  If ia it* ehir»ct«r a»d ..........

Laiat all irnprovHmHnij and development* w*<le dtirtiif the ye*p..

ormaaewa^ < i. VAaaditw Comratlfla flf iaarlPA.---- . — ■-

" ItoaUmUAj uV*h ....................... .............
Addreaa of Offiee j£T...„------------ ----•••— ..... ......... .—----------- -— -------

Name and addreaa of those In charge of work ....- —— —

% C <.f»p#r X Sulphur U5.X
% ki .% Fluorspar ___ X

X Vanadium ---------* Cranium....... ------* Molybdenum _____%

PRODUCTION

CRCDK OR Hill 1*1*1 VO ORK No of tona_1259.3M Average gross value per ton * 2*30 CtP tu)... .

Total value I Average grade of different metallle eon tent In orea •a follows:

flold .........

Silver.............
Tungsten ... - .... %

MILLING ORK Tons milled.___________ Milling proeeaaeo employed----------------------------------------------
Average grow, value per Ion crude ore milled t ................... .........Average grade crude «rv milled In different

______ % Sslphnr ------——*

.... % Klooranar......

__ _ % Molybdenum

BULLION: Sold to r. S Mint or other places.--------- ---------------------- Total amoont Gold -------

Silver....... ............o*.

metals a, follows

Gold....................... *s.

Silver.......... .......... ne.
Tungsten ...............  %

lead

7-inc ......

Vanadium

%

%

X

Vn

Iraq.......

Cranium

X

%



D!«r«t No Pour

Rico Colorado '.Lny 22 , . . ....  19.4€

rico AHjaruns xnzs a m ___. .......... .
•* *• ^ » 9T +y*r»-

Countv Dolores 
Pioneer tllninr; District
Location 3 tkilea east of Rloo, Caloraco ..*Uoo, yoloraco

Reached by auto "r.d trail
O'™ Rico-Argentine '-lining Company

Address Dooley Block, S»lt LAke City, Utah

Ooerjtor Rlco-Argentine Ulnlne Company . cu«r«iMM
C.T.Van Winkle,Free S Oen.ilgr. , Salt Lak*- City,Utah and Rico, Solo 

, ,, J . C. Johnson,Vlce-Prea..161 First Ave.-Sa'.t Lake City,Utah
Addf*« W.O. Seeley, Secr»tsry,1J2 Ham St.,Salt Lake City, Utah

N*tk and jddress of agent, general manager or other officer on whcm to serve notices
C. T. Van winkle, Gen. Vf.r. , Dooley Block,Salt Lake City,Utah and Rico.uolo

Name and address of local manager or person in duvet charge of operations
C.T.Var. Wlnsle, Oer.. ”gr. .Dooley Block, Srit Lane Clty.Utan »nd Rico, Solo

Name and address of company or person to <Aei notification of Annual Report should be sent
C.T.Var. Winkle, Den.Stgr. ,5o0ley Block, 5*lt Lake City,Utah «nd Rico, Cc-0

Character of ore or other products Sulphides, carrying gold , Stiver, sooner, lead.
iron Uv"* tes and tine.

Production from Rico Argentine iiine w»s l?,pv6 tu_s .
Tnev allied from the entire r.rouo of mines, J^,B02 tons

Producing NM Producing

Number employed underground 1 
LTine Surface.............. )

j>vs«i4«r*.
Miscelian-oufi 4

•Mill i4
I'111 Surfnoe 7

Compensation insurance carried Compensation «©t <*rr.ed
Acclce.il RoDurt Slants are or. hAnc.
Remarks nave Teiepnone.
First Aid Supplies are orovldec’.
Have Change Roods.
Safety and Sanitary Conditions, in general, are setlff°ctory.

DESCRIPTION OF idl.'S:- This property Is deveiooeu by five levels, at 
different distances apart, the Blaine Tunnel Is the naln haulageway. 

The Coapany is carrying on a major program of develooment at all
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600 ft. to^ln^^V.e'a^wSc^teMlo^^ore^ofilee on tte 800 ft.Lere] 

n«mtt.! uit an the Blaine Tunne. ucvel our.nr the past _F*------- *ht !lico"Jonsolicated riesurVi'as oroeoected by drirtlng,
downward extension of ore todies on uoper levels wore lntersecteo by cross-

cut-in,.. %r.^ *^5*°*^ been started to prospect the La«t Chance ^le*ur^’al k 
Diamond drilling w»s done to prospect the Rico Argentine snd Bl*c*

nilSSS’irtllin* on v.rlou. 1-T.l. of Uj» Sloo «.<«» “J »»»
-b£ •=*• — ;onn*’ctirw the \rr-r.tlne *0. 2 Level with Level.etsrtec

in I94ci -as been coarlet-d. This raise i- for ventilation purco-a. 
electric anc Air- riven Slusher lnits are used In all SuOt*«.
Bot.. electric anc air-driven Tug^er-tyne Hoists are uced In a i r«*ae 

Inclines,etc. Holsts sre eouionec with t' to J* steel cable. Ho*»-s.cab.es 

an- c*i;8 are all in —cod condition.
Bi-odiction frox the Rico Argentine i»ine was 19,8<6 tone.
T;.e Rico Argentine Mill allied dc.3& tone from all tr.e a.nes o-

tne Rico Arcentine Group., ,
.rue nine is closed Sundayb. but tne alll operates continuously.
The ore is fou..c in beds and cr.ianeys of various sites and in ..ssure 

veins var ini ir. wlcti. to = or none feet. 7:.e ore is a sulphide, carry.ni 
.,oic. silVer, copper, lead, Iron and tine. Stated value of ore is up to
i2v.CC a ton. „

Wet drlilin, Is ^ractioed -xcluslvely.
"ucilng. aachines are used In all n*edines.

SURFACE FLA.* T:- Ti.e aodsrr. Flotation Kill has a capacity of aSO tons.
It 1. constructed of steel *•*<? oor.orete, and covered with g^»nl«eo, corru- 

_ J a  — r«.( A A*an * an M A f • ^T*ll 5 Iflf . ulAlla.C I* . CtV au” 1 I BA 1 1 rill*

Hill. All novlr*.- ca.rts are weli guarc*c. •
At tr.e 3lai.ee Tunnel Is a Try *nd Change Rooa wit:, slower- and indi

vidual loci-re, also '-Tine Office Building. Otner ouliclng* include a 
lar=e rlacisnitn Shoo, *r.lch processes steel for tne entire gro„o o. 
Coaoressor House, wh'icr houses t^ree electric«lly-driven A.r Conpressors. 
Machine Shoo; Electric Shops; Assay Cfflce anc well eculpoed Laboratory, 
a building nousing Mine Office; Store Rooa anc a .ulo" eaulpped^. .rst Aid 
?x>oa and other snail bullclngs usee for various lunger, all o. wood, 
ste»i and concrete construction, cover«c witr. -alvanlrec corrugated .ron,
also Trar Terminals, Ore Bing end Snow Sneds. .....................

'lev add* lions have been added to various ouiuC.ngB .non «-.ae -o tia . 
A well-caulppec Saw Mil Is located Ir. the yjrcs.
Men live i Rico.
In t:;e town of Rico lo located th» Engineering Offic'*, Adnl.nl strat. on 

Offices, etc.

SHAFT5:- Tne ole Argentine Shaft mentioned ir. previous reports is u«— 
now only for v-:.ti Istion »nc exit for rer.. Also all water froa lo-er 
levelr i? cu o-d thru t.*is *iu-ft to t.ne surfpee. It is orintalned in 
goo- condition.

All ores are now no'sted to nlai.ne (ho.l ) Tunnel tnru No.3 Shaft

• •• I
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whien l* 3-coaoartaent, 280 feet In depth and connects Ho.3
2i“ ISl^o.liL.T.1. No.J SMft l. <,culpo.a «U. .lKl.-^»
electricaily-driver. Ko'let with 3/4* Cable and \-nge. All t*1*8 
sen-, fastenings, etc., Is kept in good condition. All norlng p«rt

are covered anc guarded.

UKDERO?jOUKO HAULA3E is Battery Locomotive on aaln haulageway, man rower 
on all other levels. All this equipment Is In good oond.t.on.

TKSniKS:- Considerable timbering is necessary In this nine, and .s 
well instailed. All openings are well covered «nd cue-ceo.
Ladcer? »re well Installed anc In good condition.

EXPLOS'YES-- Explosives rre =afel7 stored In well-built Vagaslnes.
U no ere round Distributing UagAtlnes for dally supply *f® Jeot
In ooc condition. Caps are safely storec Caroice is storec in a 
safe, cry olsce. Botr. electric anc nanc blasting Is cract.cec.

EL-CTRICIT* is used for power anc lighting both underground and surfece. 
•Tli’ 'well Installed, insulated, grounded and guarded.

They have telephone to the surface in all stations.

FT BE PROTECTION consists of nigh pressure wster and chemical extingulsneir 

Fire Doors are provided.

VSHTILATIOK Is bot:. natural end mechanical, with electrlcally-drlven 

Blowers.
LI5CELULNECUS:- This property operated continuously throughout tr.e year. 
They are now milling approximately 110 tons per ?4 hour day in -.e Rlco- 
Ar,-ntlr.e Hill, taxing two products, one silver-lead, -re ot..er tine. 

Coventrates are'trucxed two miles to the R.Q.S.Railroad, thence

'stw^ill^ner.tloned In tnie repor* -b-a * long way toward sllevlat- 

< o dlff’cultv of obtaining cotsercla- lumber.
r‘e Argentine Company maintains a Caterpillar T.nctor, eoulppec

wit:, both Snow Plow *rd Doter which they use for building and n.lntalr.- 
■ nc -oade to all of tr.elr operating units.

* Everything Is exceptionally clean -no orderly about this property 
T-e Coana^v co-ocerrtes fully with the State Bureau of '-•j.nes and 

witr. uhe Inspector, and Insists upon observation of safety rules anc 

regulations.

Respectfully submitted

45.
State Letal Line Insoecto District No. 4
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C«o»r Dolores

Kind <r> OpavmNan

Box ISA, Rico, Colorado x It 22
*d+a« *>’ Operator 1

Box l^H, Hito, Colorado HI.>22
AdiwaiCW

Box 1^, K|« o, Colorado HI 322

This mine irased DfiriitliHi May 2h, 1171,
W Hr. OyrMta WVs Did Waft Stmrt

JMJ days 71

OHa» ----
This Bine is located one mile cast of Rico. Colorado on Stiver Creek:” 
See 20 T40N All*

Mining operations were ceased May 20. 1071. All equipment has hern removed 
Uetow the 50o, OiMI, ami 700 levels. Including the shaft sinking hoist, 
rhese lower levels will hr allowed to flood, the St. Louis Tunnel is con
nected at the S00 level and any flooding above this elevation will be drain
ed through this connection.

* nerger has hern anticipated and any resuaption of Mining operations depends 
on the ocitcowe of this. The Rico Argentine Company has no plans for reopen
ing and development at this timr.

All machinery has been removed from underground on 500, 600, and 700 Irvrla.

Typa ti Gr.vwd Sr apart................ . ...... ..... I'.isl . Plllsric »rul Cqi.ir. 1,1.

Vrio* apd bcddinjcw
r / -V 

- y v>
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M H*w Oynto, Whae OW Wart

x DmbfMM.....................hfbrah.a Par* Tins 14b

fnxivc* Levi* am.. goliU soddilt. tad allvcrMaidMi l«H>(Sbrfi« 1.3UC tons
»i1n«<NMiI Hiiktt 1'cilu_______  N«WilDt|iOw<M J*° '**1' I*71

Ma* bafft,y*d T.M 6 «■-*-- 6

Ttii I will Ta^TorTTrd^Vnr nil<- >-ast ot Riio, Colorado cm 5'lvrr creek 
Sei 30 TAtW R1(W

•1 Inmrii May 36. 1<>71

[ KPorr

i >

Mill

Caawty Dolorr*

Kbd 4 OpaeaMan

Bo* 157, Rico. Colorado HI 335

WbmidOywh.

Bo* 157. Rico. Colorado Ml 333

AMmW Owmar 1

Bn* 157. Rico, Colorado Ml 133
A4*«aofNr«*nla CWf

Continued from 1970

The mill mas closed down May 36, 1171. There will hr soa»e cleanup work 
with no knowledge of when 11 may atari up again. The laat month was 
spent running thr tail Inga pond and dump material All known ore rrarr* 
vrn In thr amr havr hrrn drplrtrd anal no rsploratIon program han hrrn 
planned at thr present lime

A merger with another mining company haa hrrn underway for aoaw time hut 
at the present time propecta are very doubtful if thin will he completed.
All future plana depend on these negotiations

Typa a* ft—wad iippirt
Does not apply •

v-**-
Does not apply

/

-------«-
Does not apply ri>

Sbt •< Vab ar Daps*
Does not apply XA

...| pa-------r
. r* e-

\ t4

i? *
4\ ^ V

_*• . 4
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Arm Hrrt—H [tonne Ynr 
Dump Of StnrkptW Am Wrrlwwt ______

Production for tha Y«r

< ni6r Tonnafr (loot, >irtv pound.' Phldaod <Junn» tlto Ym <47 Twi Vahi' t 144 ■ in 117

<■** produri. uparamH (•.. GoM Slim fopprf [.rad Zmr. or othrr miiwtiH. Oav 'rod RimM Sinna. atr

Product Lead lor . Iha.. tnmi 16*. V.lur $ AA.255.92
Pr»*dun Zinc In/ . Ih. Inm| 657*703 16a. v«[»» t 79.2U.J5
PV*dlK'l Cold in/ l*» lonil 13.275 Ot*. Vatoa » lW.fi?
(tidurl Silver (nr Ih. lim«>nt177,7H ota. Valaa » 19.9^1.OB
Prt»duH Cadmium ____________________ [nr . Ih. . lunrl i ?W.M Ot*. Vatoa t 1 rllh.t 1

labor Suintm

Numbrr of Ua>. Ounnf tha Yf 100 Aorn» No of Mon Empinmt I'ndaffd

Sumbrr of Manahifli IK Soon aachi dunnj thf Yrar I ndorffound____ ____ Surfar*_JQlai
Numbrt of Loat timr amdanU durm* tha Yaar_________________________  Mat hour, uortad 7770 0

Compffiauui iMunnr* Camat Colo. Itatl Cm. 

[tow of iha wportl-ifl-77s«nrd Klco Aratnt tna Minina Co.■» -• -<• -  -  -*• - -T>ti»___Control It

Th» report miml he nthmitted In the Colorado Hurrrn of Muio by Marr* I, 19 ?
•m • ’»•* »o Ml
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Mobilization and RrHamatmn

Art** M»n*d Dunn« Y*«r Vnr.. Arm IMuwd Dunnf Y*ar
Dump or Htnrfcpil* At** iarlainxd W— itrml

Production for ih* Y**r

_ W Tm»VaK* * 1AA.130.1I 
IJ«I pmfcrli **P*r*f*H. Ir . Gold. NHa*r ( opprr Ind 7jnr nr olh** MKXlh Hr* Sam). Cf»a*l Ctnn. ru

Lead «V IlH Inflil ^38.713 Ibe* Va!** ( 44,255.92
^TvMfurl Zinc fo/ ts%.. lima) 637.703 lba. Vain* t 79.213.9)
PttHlurt Cold for . it. toml 13,27) or*. Vain* $ 104.49
Ptndlurt SI lver lot IlM , l»n«lJJ^377,7® 0Z». Valua $ l**J*Q*0f
Pnwturt Cadmium lot . Ih*.. itmii Ja230,92 Jbp. Vatu* 1

labor HUIMIn

107 Aa*r*f* No of M*n Emplovad I ndorfd .

Nurnbat of VUn ihifu (H hour* «rti dun nr lh» Yaar l ndrrfmund 732

Sumbar of Goal Iimr irfllnli <hjnn« IV Y*ar_ Man Aotin worked
CatmpatimUon InHnnrt Tamar _Colo. StaCa Comp.

Data of thti f*pnrt 1-10-72 Sniwl Klco Argent lap Mining Co.
“7 —►*- 7:

Control L«r
Th» rapttrl mwt ha wjhmiltad U> Ih* Colorado Hufeau of Mina* h> March I. 19 ‘

IflNtl
*m n '»•* m *«•
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STATE Of COLORADO £

n.o fop Rr<:o»< >

0»i* « » F*i4
Cwjiiwpiwi o' Mkip* 

rico A*r,EtrriK>.

Nom# ol Operot>o*
Rico Argantlaa Corporation

9HB^^REaa. mm

CW°' Phon, 9*7-2281

Rico Argantlna Corporation

O-ner

Orval Jahnka 

P*rv©« locoRy in Chorge 
Rico Ar«oneioa Corporation 

To Wham Sholl Annual Report la Sant

P'odocinq A Development

Product. Cold ,Bd Silver

BUREAU OF MINES
Oapennwnt of Natieal Ratourent

INFORMATION REPORT

Decenber S, 1974 

Doloraa

Volwa of Product. I 

W#« Employed Total

Approximately $12 par ton
14 ,, ,

Underground

No. 1-128

.till (Cruahlno 4 Laachlng)

Kmd al Operation

Box ISA. Rico. Colorado P1J12 

Add'OM of Operator
Box ISA. Rico. Colorado A1312 

Addrou of Owner

Bor 1S8, Rico, Colorado 81312 

Addrou of Pena* i* Char pa

Contlnuoua froo 1971

II New Oporot-on When Did War! Start

Exploration Part Tima Idle
Monthly Rot* «( ProductnHr*0 *^-* 7iRuro at thia tla

Number of Oey. Op*ra||d 2*0 daya 

Otbor
l«

74

lotot.on TH# Rico Artontlna “ill To located on* alio north of Rla>, Colorado, fold
acid plant location la Sac 2S T-39N R-10W ll.N.P.H.)

(Several old nine duatp* are belnt cleaned up and hauled to the laachlng pada.)

Totol Acre. Mined lent Mined Durmy Ye*i Anti Reclamed Dun ay Tter

Dump a- Stockpile Area Acre* Dump or Stockpile Aioa Reclaimed Acre.

(No figures ereaveilable until the tuepcleanup* are ronplated.)
Deter,p»,on a preclpetaton and recovery plant ha a been built la the old ehopend atoraes
*1 Property buildings. The emeltar has been constructed tdlarent to the eon building; the 
I Oporcton product fron the laachlng and praaaas la processed and than saaltared Into 

gold and allvar bullion at this location. Original crushing plant for acid 
plant operation was uaed. A aaucar shaped laachlng pad has been forwd fron 
one of the old tailings ponds located at the old acid plant settling ponds: 
site of the pad la approximately 100 ft. by 500 ft. The leaching basin ta 
lined with a complete Hyp Ion covering extending up on hem aides of the basin 
approximately 4 ft. The pad vei designed on a elope rtu^letalv around the leach 
pile, all leach llguora follow this natural flow to a stilling basin, lumped fra 
the basin into mill processing and returned to leach circuit, rornlne a closed 
liquor leach circuit.
CONTINUED ON PACE 2

Surfoc*
6v

Machinery. } - j0y front Loader 
Cemprenerv i _ Caterpillar w/Dotar 4 Ripper 

Several TnW
Punpa, laeeh tanka praaae*. xmaltar and othar nine, processing equip

Ho'ih he

Tfp# at Gfo««d Support
Do«b not ipply....

V«nfilo(ion
ooa# notapply

GooloqicoJ Formotto*
£>qa§ not tpply

S»«« of V*HI or Dopo«if
Doaa sot Apply

Mifcolortoowt (Ob*our o Currwd Un4«rfro«m4 Mop)

KM 1 (la. « 77>

//// ,
1 I

yy*
■*

District No



DESCRIPTION OF PtOPERTT AN"' OPERATION
December 5. 197*

Rico Artitlw Hill - Polar** r-oymtj
Craald* solution of apnrovlaat*l* thr** no<mda tier ton of PjO la uMd aa 
iilon loach reaeent. ’aa 11 aaounta of lloe and tine are u**d In th« cir
cuit for Col 1-ctIon of th* cold and all**r in the loach or* oil*. "h* or* 
loach *11# contain* approxlaat*!* 1VI.000 ton* of rav or*; this or* wa» 
hauled fron th# old nine froa aeveral of the eold -|r#« In thla area.

Plrat part of the ore wa* crushed to an iwrntt alte of l 1/1 Inch, the 
flntah o' the leaehlnt pile »re* wit hr ualnr the ore fron dnttna In It* 
orltlnaI elned all**. The loachlat aolutlon la putaed throufh a aerie* of 
line* and distributed over th* to* of the leach tile hr u*in* ralnhtrd 
sprinkler hoae*. Soaker ho*** v*r* tried ’maueeeaaful I*. th*. **lutlon did 
not contain proper **>«nt of or-r**r without anrinVllne for orllatlon. A 
buildup of liquor In th* leac i all# rauacd a **111 orer th* outer hero earlr 
In th* atartup. aolutlon ran Into th* Dolor** Tlver and cauoed considerable 
mount of undue cone*m. To prarent anr further accident* of thla nature 
th* pad her* wa* raiaed to * l/I ft. to b ft. I aerondarr retainin' h*n* 
haa been built between th» leae^lna pad and the "'olore* Plwer uo to * ft. 
to 10 ft. The Dolor** blear ha* Seen returned to the orlelnal channel, 
creatine conalderable sort dl*t*nr« fron the leach pad to th* atrvae.

The water la checked twlje dall* for anr nollutlo- above an’ hetow the leaeh- 
ln» pad to prevent at.r pollution of the natural at rear.

After the leaehin* procea* haa b«en correlated In thl* pad plana are to uac 
leached ore to refill and raaurfac* th* old aettlin* pond* fomerlr uaed 
at th* acid plant location. Plan* are to conatruet other laach pad* In 
the** pond# a* operation continue*.% , _________________ ,_______________

"hona* 1. Mlah

hlatrlet *'etal “Inlnr Tnppertor

rb
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DIVISION OF
DfPAATMfNT O* NATU*A| *|tOU«CfS 
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■FT At ft N0NRKTA1 WW
OPERATOR S ANNUAL REPORT

(nr ihr Vrx. 1974

RfcCt’VuJ

■ftp. 6 ,g7S

eou, urttt** <* H"®

A
£

-7
Ntt 

r»Hnit\
Mlmnf (Hhlrwl

71
Doloree

Vat»»- #»f Hftrran««n RICO Argentine Laachl&g Km*..ff>pr»v-».
Plant •

Mining
• Ipmiir Rico Argentine /Corporation (h,™.r,h.r.X .

V»Mf~.|.«r«ll 8o* 15B, RICO 81312 Mem OfTWr \*Dr„

I la nr< RICO Argentine Mining Crwpany i;.nrr SiMr™

lr..i.)«...f rnn-m 1 "ll* Norlh of *lc°. Colorado

I'nrpitnliMn l *i l*4ritir)\hip l I tnrlmriual i I 

If a mrimmiinR. ti*«* nmr «f «iair in *hu*h inr«*rpiiniir«l

Hilling
i\ltnr Mill vmm.nr i

I I I rmtrarfrw i |

rh>unpni R. M. Roberts 

Vtre Nearlmi 0* l»» Jahnka 

Vt rrtan L» C • Caskey 

Inr.i.f*) truce Crider 

YU»vt 0. L. Jshnke
nr II* IhaPfr

'X • iHHieMg » I

F»infipftl ^iirlY SI lv«r--Cold

Partner #»r Individual 

— Partner 

Partner 

Partt*e#
.VMna P- 0. tax 136, t'lco, Co lore do 81132 

f.1. ^h.n,r Numhrr 967- 2291 *-967-2451--987-2)01

b'M|N»1in| | | Part Time i I

Total MiimmI __

Ilump t»r Slor-fcpilr \r*-» 2.3

STA1ILI2ATI0N AND RECLAMATION

Arm Mined (hiring Year V rex Rrelatmrd Ihifng Year

Dump *»t <lirlp|lp \PP8 Revtanned 2*3

PRODUCTION FOR THE TEAR

Crude Tonnage Horn >anh pound'i Nndured during the Year §1,000 \ •»•»• * 1,200,000

liM pediKl* eparvids te . (dM Salver. ( opprr lead Zmr nr «dh«*e mineral* I la' Sand * r ravel M>mr M«-

Pmduri Cold    m/ QUJUJLl 200 Valves 35.000
§ 1 1 w KJOOXA 29,900 Vai«4 * 103.000

fMwrl __ »r*l IN tnmi \ ah#* A
Pb»durt ___________________ lt%t IN Innvi
Produrt   mi/ IN' t»#m>

Value « 

Value t

LAS0R STATISTICS
Number of Da/a Operated during the Y*if 81 _ \v*ragr \ *»f Kmplmee* t n 1**fd Surfar* 12

Number of ' St.rfair 2b§55Man V>ifti IH houn ear* i during the Yeaf ! ndrfjn.und
pc rfr**" ^ A 5 v ;

Total loRperiKKi Fee_ /7^ *-  Sumber of Lmt time arndent* dunng the Year Non# Man h*wir% e.vrked 2b,§55

( ompentation Invunore (im** State

Date ©f tha report_____ 3/1/75_________
(2,^/

Signed

§\ _ 0, L. Jahnka

Title ^ Centra 1 Manager

This report must be submitted to the Colorado f)rvt«u»n of Mine* fn Marrh I, 10 7 g

W « *Mev 10 */4» imrfl
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Jaly 17. 1475 

Dolor**

Kind *1 Opa*ahan

Boi 1SI, lie*, Colorado 81112

Add'*!! *1 Op*fl**

Boa 118. Rico, Colorado 81112 

Addon *d 0w»
Boi 118, Rico, Colorado.il332 

Addfw of l>w >* Cberqa 

Coodnuad froo 1974

If N*W Op©*at>an Wb#n Old Wod Sford

Po*t Tim# Idl#. „ , . , 10,000 ota. Bullion-Cold
Mo»IMy Hot* ol Frodvchon
■Mamba. of Doyt Opa*.f.d *« -T. - IW - *1' 

non® _ . 25

Th# Blco Argentina Mill 1* located on# all# north of Rico, Colorado on day”1*1: 

Sac 21 T-.WN R-10H N.H.P.N.

AO (I
Several old alnc duefa ara b*Dir cleaned upend haulad to laachlng pod a

ntd Aon B'"*d Dv* nq Too
lo A»*o Acf©» Dump qr St©<lg<l« Ar*o B*clo‘**d

No figure* avallab la until old duapa ar* claanad up.

Ac!• % l*c'itncd Dwcnq Y*«, 
Ac*!

Th# a ana procaaa I* being used for laachlng aa.ln 1474 with tha addition of 
another laach pod contatnln* aoproalaataW 11,000 ton* of raw ore. Th# 
nav pod conatructad In on# of th* old Iron aattllnp pond* that oar* uaad 
when th* acid plant vaa operating. Soaa change* being aad* ara an oaldatla* 
pod la being put on th# hapalon covering eonalattng of a hottoa laoar of 
cruahed travel apnroaloately two and one-half ft. to three ft. In depth, 
of th# cruahed or# freo ho. 1 pod ha# been sowed to th# to. 2 pod to reduce 
th# denth of th# laachlng ora. Th* nee pod will have conalderablw leae height 
will be kept at approalaatelw tele# the dlatance fro# th# top of the bar* to 
th* or* baae to prevent any allde notarial froe overflowing th# leach liquor.
A 1Z to 41 cvanlde solution 1* used. Lias 1* added to the leeching llqior.

See Peg# Wo. 2
Surface building* conalat of: Cruahtng Plant, ehops, *111, eoolter room, ntaor

tanks, and warehouaea.

- »■ 197*:
Maw bi-con Truck added.

- Maw A.c. 3 1/2 yd. Proot Loader

Typ# ©I G*eund Svppov*
VanWalian

Gtplpq’col Parmafian 

Sit* of Vain or Daoatd Done not appl^r.

M ic©iIo"©omi (Ob'oin a Cv**a*d Undarqraund Mop|

Doaa not apply. 

Do** not apply. 

Doaa not apply.

nw t a.. • T7i DiVnet Na
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Pam 2
Information Xtptrt for (h> Mo Ar**ntlna Mill - "Volor#* faontT 
July 17. 1*75

*>c U I

A epray mtw haa to he uaed to epread tha leaching ll<l«r on thepllat 
the soaker hose did aot absorb nought oar (ran fra* tha ataoephere to 
ostdtre tb» loach notarial.

A n«« bullion furnace haa boon built. Tha walftea ara raaoaad froa the 
preee m>4 ra through tha furaaca, then Into a second vat 1 tar furnace
whrra ft la pour*-1 1-tr -llJou.

Tha recovery at present la approalaately AS? to 70?. Thla la eapectad C" 
lncraaaa with tha now oxidation peda to hopefully T9! of the reltfca la 

the raw ora.

Thoaas 0. High
Slat, 'fatal Minin* Ia»p»ct«r-fo- *

/
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ITATC or COLOMBO

DIVISION Of MNU

INFORMATION REPORT
----------- 8o'.~T-TW--------

^VVEO

h**

Date

C~*y

October 24, 

Dolor**

19S0

BICO ACCENT INC MIME Mine

Nom» »( O Kind of Opaehea

Anaconda Copper Coapany F.O. Box 1JB, Rico, Co SI 112

Op«re*er Add**** *f Op* *»»'

Anaconda Copper Caapany F.O. Box 1 SB. Rico, CO 81112

Owna* *v»«. ^ 7 • 1 KOnm •# Ownm

Orval L. Jahnkc P.0. Box 1S8, Rico, CO 81112

l-c-ly in Chnrf Addraa a* Ferae* in Chapa

Anaconda Coppt r Coapany Continued

To Wkod" SAofl Aiwxoi \mfmr* Ro M No* Qpnrnftw WV#n CM Wof4 Sv*

Fr odur tnq Bwhpaa) fapUrehan X For* Tim. U*
Frodech J»ie Met«l Mine 
Vol...lF,.dec*,*H*rk*t V,lu*

M#« Emproyud fatal 11 . u.

Manply >e*e of FrWvcfee* 
N»»h*r et Deyr Op*r*«*d

None t hi. year 
240 day* |f

----------

SC

The Rico Argentine Mine le located In Rico, CO.

T«(«l Ac»#i Ac'«t Mim4 Dnm«| Yh«____ Acrf i ImIhm4 D-*iMf Tear
Dwiep a> W«k#ila 4taa T*»*i A<r»g art-UL. ____ A«»• a RacUmW D««ia| T*a- -

D»tcr>p*<«H> 
*f Froper**

I Ope^'W

The Anaconda Copper Coapany haa acquired the property fran the Argentine 
Mining Coapany. Th* operator ha. contracted Conner. Drilling Coapany 
of Montroae to do aurface core drilling. There wa* two drill, drilling In 
different location, on the property thla year.

Surface
Rurldmpt

2 - Wood Fran* Building*

Machinery.

Campra«art 2 - Drill KLga with Tool*
He** He 2 - Coapr.aaora

2 - Bean Hater f\mpt

* r pa o< Ground Supper*

Do** not apply. 

Doe* not apply.
Geeieprcol Fome*ien 

Sit* of Vain or 0*peril 

MnceReneeei |Oh*em a

8.ft. vertical.

Jsr* $

\-V



a *4.

Op.,,,,, «lco Argentine Mining Cofnjf

Addr*u i Loril i.

Own»r .

Section

Cofpnfiiion« | Pirtneniitp 1 | Individual i I

If i rorfonuofl !»'• iim# if Mat# n whiefi ncofpnratrO «

JTATI Of COLORADO

DIVISION OF MINES
DIFAHTMfN* Of SAfunat ■ISOuectS 

1313 $h#pmar 1i*wi
tW*

METAL 1 NONMETAL MINE
operator's annual report

for tri» Yrif 1180

Number. 
CoUAIV _

RECEIVED

j . rfei
C-XO. ClVCVg 0‘ Hina

QalaiAA
Minina Dnlrirl. 

Kind of Operation --

. Oenertdtp i I 

Mam Off it* Addreu . 

Owner Addreia

•m! Mill. Quarry ate”

_*m» i I Contractor. i

Townjhlp Ranga
8/27/80 to Anaconda Cooper Co>

Pirtnar >f Individual   —

Partner— 

fin oar -

Pinna*_________________________________ _______________________

\ddmi ,

or Pervwi in l.haiga 

Producing' I Developing! I

Principal Product* ____________________

ferplonlMin i*t

Telephone Numbar. 

Pan T tme i l Idle i l RrluHdiuiinn I I

STABILIZATION AND RECLAMATION

Arm Minad Dunitf Yaar O Arm Rarlaimad During Y#ar 

Dump or Stockpile Arte Rtcleimtd

PRODUCTION FOR THE TEAR

1080 . Valin 1. NoneCrudt Tonnage nona, varda, peundn Produced during tha Yaar.

Utl product* wparaniv. i t . Gold. Silrar Coppar. Laid. Zint. or otnar mineral*. Oar Sand Grata!. Stone »«r 

productlea., lb*., tonalValua g .

tot . Iba . tonn. 

tot . Ibl. tom i _ 

lot . lb* . lonti. 

tot Ibi. lomi

Valua A _ 

Valua 1. 

Valua 1 

Valua <

No of Dtvt Oprrtlt# during the year 

No of Manshift
jjJe’.PX-r/. __ ,

. Ton) Imprction F«_515l22_No of Loai itm* Acctfna dunng tha Yttr--------N£2£.

Compmtetlon Inauranea Carrtf A or rra
2/6/81

. Surftt*.

LABOR STATISTICS

_______ Atcrtgr No of Employee* Lndergd

No of Man-thifts t» hour* rich) during th* Yatr Lndtrground------^---------------Surface —15?----------- Man-hnur* A.wktJ.

, 3r-'7 - * »■*.-• v*/f/
461

. No of Fstalltta* . None

Data of thu rapor*

t-/.Y / f/

Signed .

Bv Qrval L. Jahnke

ntia General f/anaaer-Ptco ProlACL 
XHu report must be tubirutted to the Colorado Divmon of Mine* bv Much 1. 19a..-

.0/-e.
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DIVISION V MINES 
Oi>i m n of Nt**«f Iwirm
iwo«M/.r>ON kjowt

_n>
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cm.

Coorty

y

H

>. c <t............. . /rftts*>'
^______ y ' Kind of Oporotioo

pias& c o JLx. (?oLsueC. .(?.9.,_ 45? p^/COf ^ y£ 7-

Opva% r.—. .   .... . .. . A4&*m •! 0»«l*

S,a m t.
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...... ^arr c.
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l«'W loeody » CWf.
/^<tCOA» or..... Q,„_.

To Whom ShoO AmmI lipi* It 5**'

*■__ ..
*Mr«l of ItrM * CWfl

rcr
If Noo Oparofcao. Wjw. DU Work JM

*#*««* Dr'tltpww* * bplwo*»« ’*«• •<

trodvth Ga^C /y?K VflLIs «oH of *odiic+io«

Volvo o.' ..odurti | lb I**. Nwofco. of O^rt Opw»Md ** yO
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L««nii«* m. & T»wm«Kin . »•>••. /£>*/

7”/r« /A/ * 'I

Tool Atro. M.ood___ Aero. *.»od 0»n»» Too.___________ Acr*. locloiowd D»-.«o Tow
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o< A-opor«v £, C 0/j/r«kt/orj. J • 2. ^ ffc//■J C1* fl • ftf'If sfol’eMiJ/Q
* jFmrm?7? •' I “JttJ -fc» f. iAJjfk.. Gorf/^A St.J L? Hi ajq /l; i*.o*jfrrtl fmy$ /•/, W_
o'1" .1 y . . / . 1 . <<3 / -3V _ _____ ____■o-vp/ o<tf ^■/nc «. c

st/dtus ?o c <-'*j ^f'o* <-1 £''»«.+• *f4te \,iiajc. c-4 «_ o^e ustfr* y^i.iWrvr
g?f*u+ "f'ktS s LA. r~r» f T'lo ^

MocKf««ry.

Compressors,
Ho«iH, He.

J^o of /IBf

■ Pf*' <,*rk frt****t.rl /*<t by

* 5^waT«- Szt*f Pos/i -f Linyv. J £a/t± +SXaJLz/.

/jaii^yoL

Typo of G'ouod Support 

Vootilatio*

Goolopicof PonooHoo 

S>io of Tort. O' Dopoort __ y V____ hPtyjus.9-1
MutoNortoout (OWoln o Cuftoof Uodor you"d Mop)

to- ; •-. i”

Jh**6̂.../v ^2*axvc<
.. ^
Oiofrtcf No I yy .7V
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KM o> Oporohmo

LWpr*..M ... *• ?»* 'St fi'^ypo Sf3S*-
l-L

Op*'®*©'
r* »—cw ®K... ?C7 7i'£'

(Jy'iSCK I L . JjL.j'tV.bA------------
Porto* Locoif •* CKorp#

n^xc i'SJtff*- Lm-U'I-'CS Cr.t------
To Wt.o«, St>oJ1 Aiwwol *0pM b 5w>

S f/7X r-
Addrm ol Omom ^

-'• « rf*J S*.
AMm W Nun * CWpo

C. ojt* AS* f..7

II Norn 0p»O*», vb. Did Wot S*M

PrO<41*0*9 
Prodwcti Sr** *e* *
Volya ol P'oducH f 

Mon Employ'd *•♦•*

*o* ** tm* T*mm Wb
UwMf »•♦* •* bbttw A'SX'

____ Ivb.lDwOHnM^’'1' /.rm.f-S !*• -

^ 5- U»A»w*A   Bb »   —- lo*-o-o——— * • " *

L.«..~- loo-m- *C°- T.— &0*> »-•• -----

(**>«". /* -*■+ *■*;(*"

T.,.1 Ac.., «...d ».*4 Don-, T~. *«... Ow-o, T.«

D-.. .. >»...... »... T.... ..... __yv--------------- »«- •-•«•T—------------
Dotcr.ptton 7^- e**r~% po y CmS****p/* <t J ^ c/ *
o^f'o^ /h'/A.j /—« *>* f,7^ *•'

!0p#fO»-On AMr^ A'/*4fY ’J f*Ms»**J * ~ 3 *** *

io-loco T-K- p^»Jo-Vry

bad..,. y.^,/ Q^.U.
^/u[j 13 * * * ^1

• ye l3m- lcf3 J
/

V
“p

i

Mochinory. 
Compcocon. 

Hot.ti, trie.

Typ.oiGc.~ds.ppM 5,a„,T w. - k.iC*f>.i 1uaftfrrfi/bts

V#«Mo»'0* a j*
X*» /«!» Ml /___________________________ _______ __ ___ _

G.oJo,«col Tocmotvo. >0
.. ./LLSsfr.-------------------------------------------------------- ,

-----------°^ . S B 's * I ' *a^' ^ r <'f*/* ‘ e ^ £.*?.?’. S, rJ y

MucollonooM* (Ob*#i* o CorroM U«do^froo*d Mop)
/ «P

r^. <J UT&AKA-A *1
OUk< N. tf /

r

/

r o« . «•« .’ "



COLORADO DEPARTMENT OF HEALTH 
Water Quality Control Division 
4210 East 11th Avenue 
Denver, Colorado 80220 
(303) 331-4590

APPLICATION FOR TRANSFER 
AND ACCEPTANCE OF TERMS 

OF A COLORADO PERMIT

COW

I hereby apply for transfer to me of this Colorado Permit No. CO-0029793 
which was issued to Anaconda Minerals Company. I have reviewed this permit 
and accept responsibilities, coverage and liability, effective August 30 . 1988.

NEW OWNER/OPERATOR Rico Development Corporation, a Colorado Corporation

Facility Name St. Louis Tunnel Mine________________

Mailing Address P. O. Box 130

City Rico State Colorado Zip Code 81332 County Dolores

Telephone Number (303) 9G7-2793
Area Code

Authorized Agent Marion D. Sell
(Print)

Signature —Duji 

Title President

Date July 26, 1988

AS previous owner, I hereby agree to the transfer of the above-referenced 
permit and all responsibilities thereof.

PREVIOUS OWNER/OPERATOR Anaconda Minerals Company

Facility Name St. Louis Tunnel Mine__________

Authorized Agent T. H. Parker or Osier Adams 
(Print)

Signature

Title Vice President 

Date

EPA
closeout copy



ANACONDA Minerals C^a
5S5 Seventl^Rh Street

Denver. Coloraoo 80202 
Tetepnone 303 293 4000

August 29, 1988

Mr. James B. Horn 
District Engineer 
Water Quality Control Division 
Colorado Department of Health 
222 So. Cth Street, Room 232 
Grand Junction, Colorado 81501

RE: CPDES Permit No. CO-0029793, Annual Inspection Report

Dear Mr. Horn:

This letter is written in response to your July 29, 1988 letter and July 6 site 
inspection of our wastewater treatment facility located near Rico, Colorado. In 
your letter, you confirmed that the facility was "... .being properly operated" 
as stated in the June 30 annual inspection report. You then you went on to 
provide three recommendations. The following is our response to your three 
recommendations:

1. "Accumulation of solids in the first two settling ponds"

We agree that there is an accumulation of solids within the first two 
settling ponds. That is the purpose for which these ponds were 
designed. In time, it will become necessary to remove the solids in 
order to maintain the treatment efficiency of the pond system. 
However, based on data collected at the pond discharge, it appears 
that the system is functioning very well at the present time and is 
in full compliance with the suspended solids limit of 20 mg/1 avg. 
and 30 mg/1 max. In fact, the discharge normally carries TSS 
values well below the permit limit, in the range of less than 2 mg/1. 
Therefore, even though there may be some short-circuiting 
occurring in the first two ponds, any carry over of solids is not 
being reflected at the discharge point.

Additionally, it should be noted that most of the solids contained in 
the first two ponds are unreacted lime associated with relatively 
poor treatment efficiencies obtained by the old treatment system 
which was replaced by Anaconda in the fall of 1986. The new lime 
slaking system has markedly reduced the "wasting" of unreacted 
lime in the settling ponds and should extend their usable storage 
life.

ANACOttOA Cowpiny r% « Divt'On ©I Alt|llliCAiCMi«i4ComO«'|l AMC0-4000-A <•-»)



Mr. James B. Horn 
August 29, 1988 
Page 2

2. "Pond leakage"

Installation of a flow measuring device at the St. Louis Tunnel would 
be of marginal value in increasing our understanding of the potential 
impact of pond leakage. As you are aware, these settling ponds, 
located along the Dolores River, were constructed many years ago 
in unconsolidated materials underlain by a major geothermal fault. 
Anaconda recognized the complex geology associated with this area 
soon after our purchase of the property in the early 1980's and 
initiated a major water quality study of the Dolores River system to 
better understand the relationship of the settling ponds to the 
River. The results of our investigations are on record in your 
Division offices in Denver. As you will note from review of these 
extensive water quality investigations, there is no measurable impact 
on water quality in the Dolores River adjacent to the treatment 
ponds.

3. "Discharging geothermal wells"

In the early 1980's Anaconda capped the existing artesian wells 
located along the access road to the treatment facility. Recently, 
a couple of the capped well casings apparently failed. While the 
artesian flows from these wells may have added increased dissolved 
solids to the surface water system, the increase was most likely 
minimal and of little consequence. The Dolores River intersects a 
geothermal fault zone which appears to be the source of the artesian 
flows which naturally flow into the river via numerous hot springs 
located along the river's banks and within the actual substrate of 
the streambed. This phenomenon is evidenced by the occurrence of 
bubbles of carbon dioxide in the river substrate and throughout the 
lower series of treatment ponds.

As 1 discussed with you on August 3, we agreed that the wells 
should be capped. On August 8, we installed a new ditch and 
associated culvert which diverted the artesian flows into the 
permitted treatment pond system until the wells could be capped.

With the assistance of an outside drilling contractor, both wells were 
grouted and recapped on August 15. As an added safety 
precaution, we intend to maintain the drainage ditch even though 
the wells are no longer flowing. Should any future seepage from the 
well heads develop, the flows will be diverted directly into the final 
treatment pond for treatment prior to discharge into the Dolores 
River.



Mr. James B. Horn 
August 29, 1988 
Page 3

Jim, I would like to express my appreciation for the assistance you have given 
Anaconda and the new owner, Rico Development Corporation, on this matter 
over the last couple of weeks. Hopefully, we have addressed the 
recommendations cited in your letter and resolved the problems associated with 
the artesian wells. If you would like to discuss these matters further or need 
additional information, please don't hesitate to give me a call. I can be reached 
at 293-7938.

Robert L. Dent
Minerals Environmental Manager 
(303) 293-7938

RLD / das

cc: Mr. Wayne Webster and Marion D. Sell
Rico Development Corporation 
P.O. Box 130 
Rico, Colorado 81332

Neal Muldoon 
Muldoon Electric 
P.O. Box 25 
Rico, Colorado 81332

Ms. Judy Bruch
Permits and Enforcement Division 
Colorado Department of Health 
4210 East 11th Avenue 
Denver, Colorado 80220

Sincerely,





URS
A PROFESSIONAL SERVICES ORGANIZATION

Januray 20, 1995

Mr. Robert Heise
Work Assignment Manager
U. S. Environmental Protection Agency
Region Vm, Superfund Management Branch
999 18th Street
Suite 500
8HWM-WAM
Denver, Colorado 80202-2405

URS CONSULTANTS, INC.
1099 18TH STREET SAN FRANCISCO NEW YORK

SUITE 700 SEATTLE CLEVELAND
DENVER COLUMBUS

DENVER, COLORADO 80202-1907 COLORADO SPRINGS PARAMUS
TEL: (303) 296-9700 SACRAMENTO

PORTLAND
AKRON
BUFFALO

anchorage NEW ORLEANS
SAN BERNARDINO ATLANTA
LONG BEACH BOSTON
LAS VEGAS VIRGINIA BEACH 

PITTSBURGH

Subject; ARCS VI, VII, and VIII, Contract No. 68-W9-0053, WA# 21-8JZZ
Re: Close out of the Rico-Argentine, Rico, Colorado, Site Inspection Prioritization

Dear Mr. Heise:

As per EPA’s instructions, we have closed out Rico-Argentine, Rico, Colorado, Site Inspection Prioritization (SIP). As 
this site is to be reassigned, possibly to URS, as an Expanded Site Inspection (ESI) project, the site files will be kept at 
URS. This will allow the URS investigator rapid access to the working file data. When the project assignment is decided, 

URS will dispose of the files appropriately.

If you should have any questions concerning this close-out, please feel free to contact me at (303) 296-9700.

Very truly yours,

URS CONSULTANTS, INC.

Ce.^

Michael V. Can- 
Project Manager

cc: Pat Smith/EPA Region VII w/inventory only
Metha Leslie/URS/Denver w/inventory only
ARCS File/URS/Denver

URS M \ Q8 I
Project No. * V v 

O Original Q Copy

41881.41

PMO\Ooseout\Correspd\RicoAxgt.StPanjl



SITE INSPECTION PRIORITIZATION INDEX

1) Site Historical Information

• reports, correspondence, press clippings, interviews, maps, schematics, 
permits, ownership records, waste characteristics, analytical data

2) Correspondence

3) Field Information

• log books, site access agreements, photographs and negatives, field sampling 
plan

4) Health and Safety

• site health and safety plan, MSDS

5) General Site Characterization

• geology, hydrology, hydrogeology, meteorology, maps

6) Interpretative or Final Reports

7) Target Information

• ground water users, surface water users, population data, wetlands maps, 
land use maps, wind roses

8) QA/QC

41881
Index-SIP:mjl



RICO-ARGENTINE, RICO, COLORADO - 41881.41 Date: 01/19/95

Wk 41-10-B1012 FROM: U.S. DEPT. TO: URS SU8J: INFO RE NEW OWNERS OF RICO DEVELOPMENT CORP'S HOLDINGS
KAY 25, 1994 OF AG.

41881 41-10-B1014 FROM: COLORADO TO: PUBLIC SU8J: INSPECTOR'S DAILY REPORTS/INFORMAT IOH REPORTS/OPERATOR'S ANNUAL
DATE: 1915-1983 BUREAU OF MINES REPORTS

41881 41-10-B1013 FROM: COH TO: PUBLIC SUBJ: SITE INFORMATION FROM COLORADO DEPT OF HEALTH FILES
OATE: 1984-1988 •

41881 41-20-B1027 FROM: URS TO: EPA SUBJ: LETTER RE CLOSEOUT ANO TRANSFER OF FILES
DATE: JAN 20, 1994

41881 41-30-B1015 FROM: URS TO: URS SUBJ: LOGBOOK #268 (CARR)
DATE: MARCH 1994
NOTES : 40 PAGES

41881 41-50-B1016 FROM: COH TO: PUBLIC SUBJ: CLASSIFICATIONS AND NUMERIC STANDARDS FOR SAN JUAN RIVER AND DOLORES
DATE: SEPT 27, 1993 RIVER BASINS

41881 41-50-B1020 FROM: USGS TO: PUBLIC SUBJ: EXCERPTS FORM "GEOGRAPHY, AND GENERAL GEOLOGY OF THE RICO QUADRANGLE"
DATE: 1905

41881 41-50-B1018 FROM: U.S. DEPT. TO: PUBLIC SUBJ: EXCERPTS FROM "GEOLOGY AND ORE DEPOSITS OF THE RICO DISTRICT"
DATE: AUG 1974 OF INTERIOR

41881 41-50-B1019 FROM: USGS TO: PUBLIC SUBJ: EXCERPTS FROM "GEOLOGY OF THE RICO MOUNTAINS, COLORADO"
DATE: 1900

Wk 41-50-B1017 FROM: STATE OF TO: PUBLIC SUBJ: RECONNAISSANCE ENGINEERING GEOLOGY REPORT FOR PLANNING DISTRICT 9
AUG 4, 1975 COLORADO

41881 41-60-B1028 FROM: URS TO: URS SUBJ: CERCLA ELIGIBILITY WORKSHEET
DATE: MARCH 1994

41881 41-70-B1026 FROM: STATE OF TO: PUBLIC SUBJ: COLORADO WELLS, APPLICATIONS AND RESOURCES/WATER RIGHTS REPORT
DATE: APRIL 6, 1994 COLORADO

41881 41-70-B1025 FROM: U.S. CENSUS TO: PUBLIC SUBJ: HOUSEHOLD, FAMILY AND GROUP QUARTERS CHARACTERISTICS/LAND AREA AND
DATE: 1990 BUREAU POPULATION DENSITY

41881 41-70-B1023 FROM: U.S. DEPT TO: URS SUBJ: INFO RE FEDERALLY LISTED SPECIES NEAR SITE
DATE: MAY & JUNE 19940F INTERIOR

41881 41-70-B1024 FROM: COLORADO TO: URS SUBJ: INFO RE SIGNIFICANT NATURAL COMMUNITIES AND RARE, THREATENED OR
DATE: APRIL 13, 1994 NATURAL HERITAGE

PROGRAM
ENDANGERED SPECIES

41881 41-70-B1022 FROM: STATE OF TO: URS SUBJ: INFO RE STATE SENSITIVE WILDLIFE SPECIES NEAR SITE
DATE: JUNE 6, 1994 COLORADO

41881 41-70-81021 FROM: U.S. DEPT TO: URS SUBJ: WATER QUALITY AND SEDIMENT OATA ON THE DOLORES RIVER
DATE: MAY 25, 1994 OF INTERIOR

41881 41-80-B0662 FROM: URS TO: EPA SUBJ: REV 0: SITE INSPECTION PRIORITIZATION/RICO-ARGERNTINE, RICO,
DATE: OCT 11, 1994 COLORADO
NOTES: 1 VOL



EPA CLOSEOUT COPY

^/Ain.rU

COLLEGE RULED

10V4IN. x7%IN 

80 SHEETS 

NO. 77461

Wwntag. Spiueg. Roaring Spring, PA 16673 • MADE IN USA

'Si ,3o 01?

URS CONSULTANTS. INC. 

1099 1801 Street Suae 700 
Denver Colorado 00202 

Tel: (303) 290-9700 
FAX (303) 296-6117

A (HOfESSIOHAl SERVOS OROANi/adOM

MICHAEL V. CARR
ENVIRONMENTAL SCIENTIST



INFORMATION RECORDED IN THE FRONT OF LOG 
BOOKS (OPTIONAL)

- serial/model #s of equipment (meters)
- formulas, constants, example calcs
- useful phone #s
- site address

*

•*>

*
*

DAILY RECORDING REQUIREMENTS
- initials and date (top of every page) p<-«
- start time
- weather
- decon methods (you may cross reference 

a previous days method if identical)
- personnel present on site

-ppe
- signature of individual recording info
- equipment/procedures used gs

- sample descriptions (time, depth,
volume, containers, preserv, etc.)

- QC samples (field and lab)
-observations , «>-•,-
- field parameters
- maps/photos drawn or taken
- form #s*
- lost/voided paperwork

I— T -3'

<*“'I

w/ a, +&
b -/»yi

Hi*

ere. —o >4 JO

* When using a field form information recorded 
in the field does not need to be written twice. 
Cross reference the field form # in the log book 
and record the information only on the 
appropriate field form.

DO NOT LEAVE ANY BLANK SPACES/PAGES. 
If a page is accidentally left blank or there is 
unused space at the end of a day's entry draw a 
diagonal line through the space and initial 
and date the line;

TDM NO.:__________________
PHOTO NO:_______________
PROJECT NAME:__________
PROJECT NO.:_____________
PHOTOGRAPHER :_________
LOCATION i________________
DATE/TIME/DIRECTION:
ID OF PERSONS IN PHOTO:

COMMENTS/DESCRIPTION :
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STATE OF COLORADO
WATER QUALITY CONTROL COMMISSION
"'QCC-CC-B2
-100 Cherry Creek Drive South 
Denver, Colorado 80222-1530 
Phone: (303) 692-3S20

Roy Romer 
Governor
Patricia A. Nolan, MD, MPH 
Executive Director

NOTICE OF FINAL ADOPTION

PURSUANT to the provisions of sections 24-4-103(5) and 24-4-103(11), C.R.S.

NOTICE IS HEREBY GIVEN that the Colorado Water Quality Control Commission, after 
a public hearing on September 7, 1993, and complying with the provisions of 
24-4-103(3), (4) and 25-8-401(1), C.R.S., amended on September 7, 1993, pursuant 
to 25-8-202(1)(a), (b), and (2); 25-8-203; and 25-8-204, C.R.S., and Section
2.1.3 of the "Procedural Rules" the regulation entitled!

"Classifications and Numeric Standards for San Juan and Dolores River 
Basins", 3.4.0 (5 CCR 1002-8)

Providing for amendment for the water quality standard for selenium and to 
correct a typographical error on the silver Trout equation.

Also, pursuant to 24-4-103(8)(b), C.R.S., this amendment was submitted to the 
Attorney General for review and was found to be within the authority of the Water 
Quality Control Commission to promulgate, and further that there are no apparent 
constitutional deficiencies in its form or substance. Furthermore, in adopting 
this amendment the Commission also adopted a general Statement of Basis, Specific 
Statutory Authority, and Purpose in compliance with 24-4-103(4), C.R.S.

This amendment will be submitted to the Office of Legislative Legal Services 
within twenty (20) days after the date of the Attorney General's Opinion, 
pursuant to 24-4-103(8) (d), C.R.S., and to the Secretary of State in time for 
October 10, 1993 publication in the Colorado Register pursuant to 24-4-103(5) and 
(11)(d), C.R.S., and will become effective October 30, 1993.

A copy of the amended regulation is attached and made a part of this notice." 

Dated this 27th day of September, 1993, at Denver, Colorado.

WATER QUALITY CONTROL COMMISSION

Mafrla L Biberstine, Staff Assistant

"A copy of this regulation 
is available at a charge of $5.00
pursuant to 24-4-103(9)to 24-4-103(9), C.R.S.

se93.fa

Printed on Recycled Paper



CLASSIFICATIONS AND NUMERIC STANDARDS3.4.0

SAN JUAN RIVER AND DOLORES RIVER BASINS

3.4.1 AUTHORITY

These Regulations are promulgated pursuant to C.R.S. 1973, 25-8-101 et 
sea., as amended, and in particular, 25-8-203 and 25-8-204.

3.4.2 PURPOSE

These regulations establish classifications and numeric standards for the 
San Juan and the Dolores River Basins, including all tributaries and standing 
bodies of water south of the northern Dolores County lines, as indicated in 
Section 3.4.6. The classifications identify the actual beneficial uses of the 
water. The numeric standards are assigned to determine the allowable 
concentrations of various parameters. Discharge permits will be issued by 
the Water Quality Control Division to comply with basic, narrative, and 
numeric standards and control regulations so that all discharges to waters 
of the State protect the classified uses. (See Section 3.1.14). It is intended 
that these and all other stream classifications and numeric standards be 
used in conjunction with and be an integral part of Regulation 3.1.0 - 
REGULATIONS ESTABLISHING BASIC STANDARDS AND AN 
ANTI DEGRADATION STANDARD AND ESTABLISHING A SYSTEM FOR 
CLASSIFYING STATE WATERS. AND ASSIGNING STANDARDS. AND FOR 
GRANTING TEMPORARY MODIFICATIONS.

3.4.3 INTRODUCTION

These Regulations and Tables present the classifications and numeric 
standards assigned to: stream segments listed in the attached Tables (See 

Section 3.4.7). As additional stream segments are classified and numeric 
standards for designated parameters are assigned for this drainage system, 
they will be added to or replace the numeric standards in the Tables in 
Section 3.4.7. Any additions or revisions of classifications or numeric 
standards can be accomplished only after public hearing by the Commission 
and proper consideration of evidence and testimony as specified by the 
statute and the "basic regulations".

3.4.4 DEFINITIONS

See the Colorado Water Quality Control Act and the codified water quality
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3.4.5

regulations for definitions. 

BASIC STANDARDS

(1) All waters of the San Juan/Dolores River Basin are subject to the 
following standard for temperature. (Discharges regulated by permits, which 
are within the permit limitations, shall not be subject to enforcement 
proceedings under this standard). Temperature shall maintain a normal 
pattern of diurnal and seasonal fluctuations with no abrupt changes and 
shall have no increase in temperature of a magnitude, rate, and duration 
deemed deleterious to the resident aquatic life. Generally, a maximum 3°C 
increase over a minimum of a four-hour period, lasting 13 hours maximum, 
is deemed acceptable for discharges fluctuating in volume or temperature. 
Where temperature increases cannot be maintained within this range using 
Best Management Practices (BMP), Best Available Technology Economically 
Achievable (BATEA), and Best Practical Waste Treatment Technology 
(BPWTT) control measures, the Commission may determine by a 
rulemaking hearing in accordance with the requirements of the applicable 
statutes and the basic regulations, whether or not a change in classification 
is warranted.

(2) See Basic Standards and Methodologies for Surface Water, 3.1.11 for 
a listing of organic standards. The column in the tables headed "Water 
Fish" are presumptively applied to all aquatic life class 1 streams and are 
applied to aquatic life class 2 streams on a case-by-case basis as shown in 
the tables in 3.4.6.

(3) URANIUM

(a) All waters of the San Juan/Dolores River Basin, are subject to 
the following basic standard for uranium, unless otherwise 
specified by a water quality standard applicable to a particular 
segment. However, discharges of uranium regulated by 
permits which are within these permit limitations shall not be 
a basis for enforcement proceedings under this basic 
standard.

(b) Uranium level in surface waters shall be maintained at the 
lowest practicable level.

(c) In no case shall uranium levels in waters assigned a water 
supply classification be increased by any cause attributable to 
municipal, industrial, or agricultural discharges so as to 
exceed 40 pCi/l or naturally-occurring concentrations (as

2



determined by the State of Colorado), whichever is greater.

(d) In no case shall uranium levels in waters assigned a water 
supply classification be increased by a cause attributable to 

. municipal, industrial, or agricultural discharges so as to 
exceed 40 pCi/l where naturally-occurring concentrations are 
less than 40 pCi/l.

3.4.6 TABLES

(1) Introduction

The numeric standards for various parameters in the attached tables 
were assigned by the Commission after a careful analysis of the data 
presented on actual stream conditions and on actual and potential 

water uses.

Numeric standards are not assigned for all parameters listed in the 
Tables attached to 3.1.0. If additional numeric standards are found 
to be needed during future periodic reviews, they can be assigned 
by following the proper hearing procedures.

(2) Abbreviations:

The following abbreviations are used in the attached tables:

ac — acute (1-day)

Ag = silver

Al = aluminum

As = arsenic

B = boron

Ba = barium

Be = beryllium

Cd = cadmium

ch = chronic (30-day)

Cl = chloride

Cl2 = residual chlorine

CN = free cyanide

3



Crlll = trivalent chromium

CrVI = hexavalent chromium

Cu = copper

dis = dissolved

D.O. = dissolved oxygen

F = fluoride

F.Coli = fecal coliforms

Fe = iron

Hg = mercury

mg/i = milligrams per liter

ml = milliliters

Mn = manganese

nh3 — un-ionized ammonia as 
N (nitrogen)

Ni = nickel

no2 = nitrite as N (nitrogen)

no3 = nitrate as N (nitrogen)

OW = outstanding waters

P = phosphorus

Pb = lead

S = sulfide as undissociated 
H2S (hydrogen sulfide)

Se = selenium

S04 = sulfate

sp = spawning

Tl = thallium

tr = trout

Tree = total recoverable

TVS = table value standard

U = uranium

4



ug/l = micrograms per liter

UP = use-protected

Zn = zinc

5



(3) Table Value Standards

In certain instances in the attached tables, the designation "TVS" is 
used to indicate that for a particular parameter a “table value 
standard" has been adopted. This designation refers to numerical 
criteria set forth in the Basic Standards and Methodologies for 
Surface Water. The criteria for which the TVS are applicable are on 

the following table.

6



TABLE VALUE STANDARDS 
(Concentrations In ug/1 unless noted)

PARAMETER05 TABLE VALUE STANDARDS 0505

Ammonia
Cold Water Acute = 0.43/FT/FPH/205 In mg/I

Warm Water Acute = 0.62/FT/FPH/205 in mg/1

Cadmium
Acute = e(»«8C»"(h«rdn...)]-2.805)

* Chronic = eC°-78«n"<H.rdn...)]-3.*90)

"(Trout) = 0(1128t1n<h*r,ln,*,)3-3-828)

Chromium III
Acute = g(°-819t1n(h*r<(n«»*)]»3-688)

Chronic = e(oei9C1"(h,r<lM")34,-561)

Chromium VI
Acute = 16

Chronic = 11

Copper
Acute =e(0-94Z2C1n0,»r<l"»,‘)]->«63«)

Chronic = e<0-8s«n"0>*rdn...)]-i.465)

Lead
Acute = .e(1-6148tlB(h*rdn***)3 - 2e736>

Chronic = e(l-417C,"(h*rdn,,“53 ‘ 51675

Nickel
Acute = e(°-76C'"0,*'^"«**)]«3.33)

Chronic=e(0-76C1"?h,r,‘n*“53*1 065

Selenium
Acute = 135
Chronic = 17

Sliver
Acute = 0(i-7z['>»O'»r«*"«*»)]-7-2O

Chronic = eo-72<’-o>*^"*“)]-9.o«)
"(TrOUt) = g(l-72ClB(h«rdn*«»)]-10.51)

Uranium
Acute =■ eO-^t’nO1*^"***)]*3-7888)

Chronic = e(11M°"(h*rd,'*“55"2 23825
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TABLE VALUE STANDARDS 
(Concentrations in ug/l unless noted)

PARAMETER*1* TABLE VALUE STANDARDS (3,(3)

Zinc

ACUte = e<0.M»3CMh.rd.....)].0.««04) 

Chronic = e<°®473<"’<h.r<In...)]*o.76i«)

TABLE VALUE STANDARDS - FOOTNOTES

(1) Metals are stated as dissolved unless otherwise specified.

(2) Hardness values to be used in equations are in mg/I as calcium carbonate. The hardness 
values used in calculating the appropriate metal standard should be based on the lower 95 
per cent confidence limit of the mean hardness value at the periodic low flow criteria as 
determined from a regression analysis of site-specific data. Where insufficient site-specific 
data exists to define the mean hardness value at the periodic low flow criteria, representative 
regional data shall be used to perform the regression analysis. Where a regression analysis 
is not appropriate, a site-specific method should be used. In calculating a hardness value, 
regression analyses should not be extrapolated past the point that data exist.

(3) Both acute and chronic numbers adopted as stream standards are levels not to be exceeded 
more than once every three years on the average.

(4) FT = 1003 <2°-TCAP>;
TCAP less than or equal to T less than or equal to 30

FT = 10 03<20-T);
0 less or equal to T less than or equal to TCAP

TCAP = 20° C cold water aquatic life species present

TCAP = 25° C cold water aquatic life species absent

FPH = 1; 8 less than .pH less than or equal to 5

FPH = 1 + io*7'*-pH*: 6.5 less than or equal to£H less than 
1.25 or equal to £

FPH means the acute pH adjustment factor; defined by the above formulas.

FT Means the acute temperature adjustment factor, defined by the above formulas.

T means temperature measured in degrees Celsius.

TCAP means temperature CAP; the maximum temperature which affects the toxicity of 
ammonia to salmonid and non-salmonid fish groups.

NOTE: If the calculated acute value is less than the calculated chronic value, then the 
calculated chronic value shall be used as the acute standard.



Pagel STREAM CLASSIFICATIONS an^ATER QUALITY STANDARDS

REGION: 9

BASIN: SAN JUAN RIVER

Stream Segment Description

Oeslg Classifications NUMERIC STANDARDS

PHYSICAL
and

BIOLOGICAL

INORGANIC

mq/1

METALS

JdSZL

TEMPOflARY
MODIFICATIONS

AND
QUALIFIERS

1. Malnstem of the Navajo River 
and the Little Navajo River, 
Including all tributaries, 
lakes and reservoirs, from 
the boundary of the South San 
Juan Wilderness Area to the 
San Juan-Chama diversion.

Aq Life Cold 1 
Recreation S 
Water Supply 
Agriculture

D.O. - 6.0 mg/1 
D.O. (»p)-7.0 mg/1 
pH • 0.5-9.0 
F.Col1-200/100ml

S-0.002 
B»0.75 
NO,-0.05 
NO,-10 
C1-250 
SO,*250

As(ac)-50(Trec)
Cdfec)-TVS(tr)
Cd(ch)-TVS
CrIII(ac)-SO(Tree)
CrVl(ec/ch)-TV5
Cu(ac/ch)-TVS Hg

ch)-300(d1s)
ch)-lOOO(Trec)
ac/ch)-TVS
ch)-50(d1e)
ch)-lOOO(Trec)
ch)-0.01(Tree)

#c/ch)-TVS
chj-lO^Trec)

ch)-TVS(tr)
ac/ch)-TVS

2. Malnstem of the Navajo River 
from the San. Juen-Cheme 
diversion to the Colorado/New 
Mexico border near Edith, 
Colorado end from the 
Colorado/New Mexico border 
tothe confluence with the Sen 

______ Juan River.

Aq Life Cold 1 
Recreation 1 
Water Supply 
Agriculture

D.O. • 6.0 mg/1 
D.O. (ep)-7.0 m 
pH - 6.5-9.0 
F.<

mg/l 

Col 1-200/100ml

S-0.002 
B-0.75 
10,-0.05 
NO.-10 
Cl-2 50 
S0.-250

At(ch)-50 
Cdich)-.4 
CrIIl(ch)-50 
CrVI(ch)-25 
Cu(ch)-14

ch
ch
el!ch
|ch

•300(d1s)
•1200
•5
•50(d1e)
-1000

*.05
-50
•10
-.1
•50

All emtele 
ere Tree 
unless
otherwise
noted.

3. Malnstem of the Little Navajo 
River from the Sen Juen-Cheme 
diversion to the confluence 
with the Navajo Rivers all 
tributaries to the Navajo 
River end the Little Navajo 
River, Including all lakes 
end Reservoirs, from the Sen 
Juan-Cheme diversions to the 
confluence with the San Juan 
River.

UP

Aq Life Wane 2 
Recreation 2 
Agriculture

0.0. • 5.0 mg/1 
pH • 6.3-9.0 
F.Col1-2000/100ml

4. All tributaries to the San 
Juan Rlvar, Rio Blanco, end 
Navajo River Including ell 
lakes end reservoirs, which 
are within the Wealnuche 
Wilderness area and South Sen 
Juan W1Idarnati Area.

Aq Life Cold 1 
Recreation 1 
Water Supply 
Agriculture

D.O. - 6.0 mg/1 
D.O. (ep)-7.0 mg/I 
pH • 6.5-9.0 
F.Col1-200/I00m1

S-0.002 
B-0.75 
NO,-0.05 
NO,-10 
C1-250 
SO,-250

As(ac)-SO(Trec)
Cdiac)-TVS(tr)
Cd(ch)-TVS
CrI 11(ec)-50(Tree)
CrVl(ac/ch)-TVS
Cu(ac/cn)-TVS

ch)-300(d1s) 
ch)-lOOu(Trec) 
ec/chl-TVS
chi-50(d1s) 
ch)-lOOO(Trec) 
ch)-O.Ol(Trec)

ac/ch)-TVS
chj-10|Trec)

ch)-TVS(tr)
ac/ch)-TVS

Malnstem of the San Juan 
River and the East Fork end 
West Fork of the Sen Juan 
River, from the boundary of 
the Wemlnuche Wilderness Area 
(West Fork! end the source 
(East Fork) to the confluence 
with Fourmile Creek,
Including ell tributaries, 
lakes and reservoirs exeept 
for tributaries, lakes, and 
reservoirs Included 1n 
Segment 4,----------------------------------

Aq Life Cold 1 
Recreation 1 
Water Supply 
Agriculture

- 6.0 mg/1 
(sp)-7.0 m 

pH • 6.5-9.0 
F.Col1-200/l00a1

D.O.
0.0. mg/1

NH,(ac)-TVS
NH,(ch)-0.02
C1,(ae)-0.019
C1,(ch)-0.011
CN-0.005

S-0.002 
B-0.75 
NO,-0.05 
NO,-10 
C1-2S0 
S0,-250

As(ec)-50(Trec)
Cdiac)-TVS(tr)
Cdfchj-TVS
CrIII(ec)-SO(Tree)
CrVl(ac/chj-iVS
Cu(ec/cn)-lVS Hg

ch)-300(d1s)
ch)-lOOO(Trec)
ac/ch)-TVS
ch)-50(d1s)
ch)-lOOO(Trec)
ch)-O.Ol(Trac)

HI (ec/ch)-TVS
Saich)-lO(Trac)
Agieci-TVS
Agich)-TVS(tr)
Zn(ec/ch)-TVS

Malnstem of the San Juan 
River from the confluence 
with Fourmlle Creek to Navajo 
Reservoir.

Aq Life Cold 1 
Recreation 1 
Agriculture

0.0. - 6.0 mg/1 
0.0. (sp)-7.0 mg/1 
pH - 6.5-9.0 
F.Col1-200/l00ra1

NH,(ac)-TVS
NH,(ch)-0.02
C1t(ec)-0.019
C1,(ch)-0.011
CN-0.005

S-0.002 
B-0.75 
NO,-0.05 
NO,-100

As(ch)-S0 
Cdich)-.4 
Crlll(ch)-100 
CrVI(ch)-25 

_Cu(ch)-20_____

Fa(ch)-2400 
Pb(ch)-10 
Mn(chi-1000 
Hg(ch)-50 
N1 fchi-50

Se(ch)-20 
Ag(ch)-.1 
Zn(ch)-50

All xmtels 
ere Tree 
unless
otherwise 
noted._____

7. Navajo Reservoir (portion In 
Colorado.

Aq Life Warm 1 
Recreation 1 
Water Supply 
Agriculture

D.O. - 5.0 mg/1 
pH - 6.5-9.0 
F.Col1-200/100ml

S-0.002 
B-0.75 
NO,-0.5 
NO,-10 
C1-250 
S0.-250

As(ch)-50 
Cd(ch)-.4 
CrI11(ch)-SO 
CrVl(ch)-25 
Cu(ch)-5

Fe(ch)-300(d1s)
Fe(ch)-1000
Pb(ch)-4
Mn(ch)-S0(d1s)
Mn(ch)-1000

Kg ch)-.05 
Nilch)-50 
Sach)-10 
Agich)-.l 
Zn(ch)-50

All metals 
ere Tree
unless
otherwise
noted.

Malnstem of the R1o Blanco, 
Including all tributaries, 
lakes, and reservoirs, from 
the boundary of South San 
Juan Wilderness Area to the 
confluence with the Sen Juan 
River, except for the 
specific listing In Segment 
10.__________________

Aq Life Cold 1 
Recreation 1 
Water Supply 
Agriculture

0.0. - 6.0 mo/1 
0.0. (sp)-7.0 m 
pH • 6.5*9.0r.

mg/1

Col1-200/100m1

NH,(ec)-TVS
NH,(ch)-0.02
C1,(ec)-0.019
Cl,(ch)-0.011
CN-0.005

S-0.002 
B-0.75 
NO,-0.05 
NO,-10 
C1-250 
S0,-250

As(ac)-50 
Cd 
Cd
CrilI(ac)-50(Trac) 
CrVl(ac/ch)-TVS 
Cu(ac/cn)-TVS

(ch)-TVS

ch)-300(dts)
ch)-lOOO(Trec)
ec/ch)-TVS
ch)-50(d1s)
ch)-lOOO(Trec)
ch).01(Tree)

N1(ac/ch)-TVS 
S#(ch)-10(Trec) 
Agfacj-TVS 
Ag(ch)-TVS(tr) 
Zn(ac/ch)-iVS

Malnstem of tho R1to Blanco 
Rlvar from Echo 01tch to tho 
confluence with the R1o 
Blanco River,______________

UP
Aq Life Cold 2 
Recreation 2 
Agriculture

0.0. - 6.0 mg/1 
0.0. (sp)-7.0 i 
pH • 6.5-9.0

mg/1

F.Col 1-2000/l00m1



Page2 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

REGION: 9 Deslg ClaselfIcetlons NUMERIC STANDAROS TEMPORARY

BASIN: SAN JUAN RIVER
PHYSICAL INORGANIC METALS

AND
QUALIFIERS

Stream Segment Description end
BIOLOGICAL

mq/1 Ufl/l

11. All trlbuterles to the Sen
Juen River 1n Archulete
County. Including ell leket 
end reservoirs, except for 
specific listings 1n Segments
1. 4. 5. end 9.

UP

Aq Life Venn 2 
Recreetlon 2 
Agriculture

O.O. - S.O mg/1 
pH - 6.S-9.0
F.Co!1*2000/100ml



Page3 STREAM CLASSIFICATIONS and^|ATER QUALITY STANDARDS

REGION: 9

BASINi PICORA RIVER

Stream Segment Description

Dealg Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERSPHYSICAL

and
BIOLOGICAL

INORGANIC

Pfl/1

METALS

uq/1
1. All tributaries to the Plodr*

River, Including ell lakes 
end reservoirs, which ere 
wtthln the Weainuche
Wlldernese Aree.

Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

D.O. - 6.0 mg/1
0.0. (ep)-7.0 mg/1 
pH • 6.5-9.0
F.Co11-200/100ml

NH, (ac)—TVS
NH,(ch)*0.02
C1,(ac)-0.019
C1*(ch)*0.011
CN-0.005

S-0.002
B-0.75
N01*0.05
NO,-10 
Cl-250 
SO.-250

Aa(ac)-50(Trec)
Cdfac)-TVS(tr)
Cd(ch)-TVS
CrI 11(ac)-SO(Tree) 
CrVI(ac/chj-TVS 
Cufac/chl-TVS

Fe(ch)-300(d1s) 
Fe(ch)-1000(Trec) 
Pb(ac/ch)-TVS 
Hn(ch}*50(d1s) 
Mnichi-lOOO(Trec)
Hafch1-0.01fTree!

N1 (ac/ch)-TVS
Se(ch)-l6(Trec)
Ag(ac)-TV5
Ag(ch)-TVS(tr)
Zn(ac/ch)-TVS

2. Me 1ns ten of the Pledre River,
Including the Ceet end Middle 
Forks, fror* the boundary of 
the Wemlnuche Wlldernese Aree 
to the confluence with Indian 
Creek, except for the 
specific listing 1n Segment
3.

Aq Life Cold 1 
Recreation 1
Veter Supply 
Agriculture

D.O. • 6.0 mg/1
D.O. (sp)-7.0 mg/1 
pH • 6.3-9.0
F.Col 1*200/100a1

NH,(ac)-TVS
NH,(ch)*0.02
Cla(ac)*0.019
Cl, (ch)-0.011 
CN*0.005

S-0.002
B-0.75
NO, *0.05
NO,* 10 
Cl-250 
S0,*250

A.(.c)-50(Tr«c)
Cdi.e).TVS(tr)
Cd(eh)-TVS
Crl!I(.c)-50(Tr.c)
CrVI(ac/ch).TVS
Cu(.c/cn)*TVS

Fe(ch)-300(d1s) 
Fe(ch)-1000(Tree) 
Pb(ec/ch)-TV5 
Mn(ch)-50(d1s)
Mn(chi-1000(Tree) 
Hg(ch)-0.01(Tree)

N1 (ac/ch)-TVS
Se(ch)-10(Trec)
Ag(ae)-TVS
Ag(ch)-TVS(tr)
Zn(ec/ch)-TVS

3. Melnstem of the East Fork of
the Pledre River from the
Pledre Fells Ditch to the 
confluence with Pegose Creek.

Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

D.O. - 6.0 mg/1 
D.0.(ep)-7.0 mg/1 
pH - 6.6-9.0
F.Col 1*200/100ml

NH,(ec)-TVS
NH.(ch)*0.02
C1,(ac)-0.019
C1,(ch)-0.011
CN-0.005

S-0.002
B-0.75
NO, -0.05
NO,*10 
C1*260 
SO.-250

A.(«c)-50(Tr.c)
Cdi.ci-TVS(tr)
Cd?ch)-TVS
CrllI(.c)-50(Tr«c)
CrVI(.c/ch).TVS
Cul.c/chWYS

Fe(ch)-300(d1s) 
Fetch>-1000(Tree) 
Pb(ec/ch)-TVS 
Hn(ch)-50(d1s)
Mn(chi-1000(Tree) 
Hoi chi*0.01iTrecl

Ht(.e/ch)-TVS
S.(ch)-10(Tr.c)
Agf.cl-TVS
A,(ch)-TVS(tr)
Zn(.c/ch)>fVS

4. Melnstem of the Pledre River
from the confluence with
Indian Creek to Navajo 
Reservoir.

Aq Life Cold 1 
Recreation 1 
Agriculture

D.O. • 6.0 mg/1
D.O. (sp)*7.0 mg/1 
pH • 6.5-9.0
F.Col 1-200/lOOml

NH,(ae)-TVS
NH,(ch)*0.02
C1,(ec)-0.019
C1,(ch)-0.011
CN-0.005

5- 0.002
6- 0.75
NO,-0.05
NO,*100

As (ch)-SO
Cd(ch)-.4
CrI 11 (ch)-IOO
CrVI(ch)*25
Cufchl-16

Fe(ch)-1500
Pb(ch)*4
Mn(chl-1000
Hg(ch)-.05
Hi ichl-50

Se (ch)-20 
Agtchl-.l 
Zn(ch)-50

All metals 
are Tree
unless
otherwise
noted.

5. All tributaries to the Pledre
River, Including ell lakes 
end reservoirs, from the 
boundary of the Wemlnuche 
Wilderness Aree to e point 
1nvned1ate1y below the 
confluence with Devil Creek.

Aq Life Cold I 
Recreation 1
Water Supply 
Agriculture

D.O. - 6.0 mg/1
0.0. (sp)*7.0 mg/1 
pH • 6.5-9.0
F.Col 1*200/100ml

NH,(ac)*TVS
NH,(ch)*0.02
C1>(ac)*0.019
C1,(ch)-0.011
CN-O.005

S-0.002
6*0.75
N0,*0.05
NO,-10 
Cl-250 
S04*2SO

A.(.c)a50(Tr.c)
Cd(.e)-TVS(tr)
Cd(ch)-TVS
CrilI(.c)-50(Tr«c)
CrVI(«c/ch)*TVS
Cu(.c/ch)-TVS

Fe(ch)-300(d1a) 
Feich)-lOOO(Tree) 
Pb(ac/ch)-TVS 
Mn(ch)-50(d1s) 
Mn(ch)-1000(Tree)
Hg (ch)-0.01(Tree)

N1
Se
*9
?9
Zn

ac/ch)-TVS
chj-lO^Trec)

ch)-TVS(tr)
ec/ch)-TV3

6. All tributaries to the Pledre
River, Including ell lakes 
end reservoirs, from a point 
Immediately below the 
confluence with Devil Creek 
to Navajo Reservoir, except 
for the specific listings In 
Segment 7.

UP

Aq Life Warm 2 
Recreation 2 
Agriculture

D.O. • 5.0 mg/1 
pH * 6.6-9.0
F.Col 1*2000/100ml

7. “Hatcher Lake, Stevens Lake,
Pegose Lake, Village take end 
Forest Lake.” UP -

Aq Life Warm 1 
Recreation 2
Water Supply 
Agriculture

0.0. • 5.0 mg/1 
pH - 6.5-9.0 
F.Col<-2000/100m1

NH,(ac)*TV$
NH,(ch)*0.06
C1,(ac)*0.019
C1,(ch)-0.011
CN-0.005

S-0.002
6*0.25
N0.-0.5
NO,-10
Cl-250 
SO.-250

A.(.c)-50(Tr.c)
Cd(.c/ch).TVS 
CrlII(.c)-50(Tr.c) 
CrVI(.c/ch).|VS 
Cu(.c/ch).TVS

Fe
Fe
Pb
Mn
Mn
Hg

ch)-300(d1s)
ch)-lOOO(Trec)
ec/ch)-TvS
ch)-50(d1s)
ch)-lOOO(Trec)
ch)*0.01(Tree)

N1 (ac/ch)-TVS 
Se(ch)-10(Trec) 
Ag(ec/ch)-TV5 
Zn(ac/ch)-TVS



Page4 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

REGION: 9 Oeslg Classifications NUMERIC STANDARDS TEMPORARY

BASIN: LOS PINOS RIVER
PHYSICAL INORGANIC METALS

Pt*/1 T IL*I 1^0
AND

QUALIFIERS

Stream Segment Description and
BIOLOGICAL

sw/l uq/l
1. All tributaries to the to* 

Pino* River, Including *11 
lot;** and r«**rvo(r*, which 
ir« within tho Vemlnucho 
Vlldarnea* Aro*.

Aq Life Cold 
Rocroatlon 1 
Voter Supply 
Agriculture

1 0.0. - 6.0 mg/1
D.O. (*p)-7.0 og/1 
pH - o.5-9.0
F.Col 1*200/100ml

NH,(ac)*TVS
NH1(ch)*0.02
C1|(oc)*0.019
C1t(ch)*0.011
CN-0.005

S-0.002
B-0.75
NOj-0.05
NO«* 10 
C1-250 
50.-250

A* (ac)-50(Trec)
Cd(ac)-TVS(tr) 
Cdtehj-TVS
Crll I(ac)-50(Tree)
CrVI(ac/ch)-TVS
Cufac/chl-TVS

Foi
F#
Pb 
Km 
Kn i
Hr

ch)-300(d1a)
ch)-lOOO(Troc)
ac/ch)-TVS
ch)-50(d1a)
ch)-lOOO(Trec)
ehl-O.OliTraci

HI
So
Ag
Ag
Zn

ac/eh)-TVS
chl-10^Tr*c)

ch)-TVS(tr)
•c/ch)-TVS

2*. Kalnttom of tho to* Plnp*
R1v«r from tho boundary of 
tho Vemlnucho Vlldorno**
Aro* to tho U.S. Hwy 160 
oicapt for tho apoclflc 
listing In Segment 3.

Aq Life Cold 
Recreation 1 
Voter Supply 
Agriculture

1 0.0. • 6.0 mg/1
0.0. (*p)-7.0 mg/1 
pH - 6.5-9.0
F.Col1-200/100ml

NH,(ec)-TVS
NH.(ch)-0.02
C1»(acj*0.019
Cl.tchJ-O.Oll
CN-0.005

S-0.002
8-0.75
N0,-0.05
NO.-10
Cl-250 
S0«-250

A.(.c)-50(Tr«c)
Cd(.c)-TVS(lr)
Cd(eh)-TVS
CrllI(.e)-50(Tr.e)
CrVI(.e/eti)-tVS
Cu(.e/ch)-TVS

Fe(
Fa
Pb
Mn
MnHgj

ch)-300(d1a)
ch)-lOOO(Troc)
ac/ch)-TVS
ch)-50(d1a)
ch)-lOOO(Trec)
ch)-O.Ol(Troc)

N1
So
Ag
5®
Zn

ac/ch)-TVS
chl-lO^Troc)

ch)-TVS(tr)
*c/ch)-iVS

2b. Malnstem of tho to* P1no*
Rlvor from U.S. Hwy 160 to 
tho Colorado/Now Mexico 
bordar.

Aq tlfe Cold 
Recreation 1 
Voter Supply 
Agrleu 1turo

1 0.0. • 6.0 mg/1
D.O. (*p)-7.0 mg/1 
pH • 6.5-9.0
F.Col1*200/100ml

NHJocl-TVS
MH,(ch)-0.02
Cl,(ac-0.019
C1a(ch)*0.011
CN-0.005

S-0.002
B-0.75
NO,-0.05
NO,-10 
C1-2S0 
SO.-250

A*(ac)-50(Trec)
Cd(ac)-TV$(tr)
Cd(ch)-TVS
CrIII(ac)-50(Tree) 
CrVI(ac/ch)-TVS 
CuToc/chl-TVS

Fo
Fo
Pb
Mn
Hn
Hq

ch)-300(d1a)
ch)-lOOu(Troc)
ac/ch)-TVS
ch)-50(d1a)
ch)-lOOO(Trec)
ch)-0.01(Tree 1

N1
So
Aq
Ag
Zn

ac/ch)-TVS
chl-lO^Troc)

ch)-TVS(tr)
ac/ch)-TVS

3. Valloclto Reservoir. Aq Life Cold 
Rocroatlon 1 
Voter Supply 
Agriculture

1 0.0. • 6.0 mg/1
0.0. (*p)-7.0 mg/1 
pH • i.5-9.0
F.Col1-200/100m1

NH,(ac)-TVS 
NH,(ch1*0.02 
C1t(ec)-0.019 
C1t(ch)*0.011 
CN-0.005

S-0.002
B-0.75
N0,-0.05
NO,-10
Cl-250 
SO.-250

A.(.c)-50(Tr.c)
Cd(«c}-TVS(tr)
Cd(eh)-TVS
Crll I(ac)-SO(Tr.c) 
CrVI(.c/ch)-TVS 
Cuf.c/cnI-TVS

Fo
Fo
Pb
Mn
Mn
Hr

ch)-300(d1a)
ch)-lOOO(Troc)
ac/ch)-TVS
ch)-50(d1a)
ch)-lOOO(Trec)
chl-0.01iTrocl

N1
So
Ag
Ag
Zn

*c/ch)-TVS
chl-lO^Troc)

ch)-TVS(tr)
oc/ch)-fVS

4. All trlbutarlo* to tho to* 
Pino* Rlvor and Valloclto 
Re**rvo1r, Including all 
lake* and reservoir*, from 
tho boundary of tho
Vomlnuche Vlldorno** Aroa to 
a point Immediately bolow 
tho confluonco with Boar
Crook (T35N, Q7V), except 
for tho tpoclflc listing In 
Segment 5; malnttems of
Beaver Croak, Uto Cr Crook,
Uto Crook, and Spring Crook 
from tholr »ourca* to thotr 
confluonco* with tho to*
Pino* Rlvor.

Aq Life Cold 
Recreation 1 
Voter Supply 
Agriculture

1 0.0. • 6.0 mg/1
0.0. (*p)-7.0 mg/1 
pH • 4.5-9.0
F.Col1-200/l00m1

MH,(ec)-TVS
NH,(ch/-0.02
C1a(ac)*0.019
C1a(ch)*0.0U
CN-0.005

S-0.002
8-0.75
N0.-0.05
NO,-10 
Cl-250 
S04-250

A*(ac)-50(Tree)
Cdfacl-TVS(tr) 
Cd(ch)-TVS
CrllI(ac)-SO(Trec)
CrVt(ac/ch)-TVS
Cu(ac/ch)-TVS

Fo
Fo
Pb
Mn
Mn
Hg

ch)-300(d1«)
ch)-lQOO(Trec)
ac/ch)-TVS
ch)-50(d1s)
ch)-lOOO(Trec)
ch)-O.Ol(Trec)

N1
So
Ag
Ag
Zn

*c/ch)-TVS
ehj-10|Troc)
Jh)-TVS(tr)

*c/ch)-TVS

5. Halnatom of Valloclto Crook 
from tho boundary of tho 
Vomlnucho Vlldorno** Aroa to 
Valloclto Rosorvotr.

Aq Life Cold 
• Recreation 1 

Voter Supply 
Agr1cu1turo

1 0.0. • 6.0 mg/1
0.0. (*p)-7.0 mg/1 
pH • 6.5-9.0
F.Col1*200/100m1

NHj(*c)*TVS
NH.(ch)-0.02
Cl,(*c)*0.019
Cl|(ch)-0.011
CN-0.005

S-0.002
B-0.75
NO.-0.05
NO,-10 
Cl-250 
SO.-250

At(.c)-50(Tr.c)
Cdf.ej-TVS(tr)
Cd(ch)-1
Cr 111 (.c)-50(Tr«c) 
CrVI(*c/ch)-TVS 
Cuf.e/chl-TVS

Fo
Fo
Pb
Mn
Hn
Hr

ch)-300(d1*)
ch)-lOOO(Troc)
ac/ch)-TVS
ch)-50(d1s)
ch)-lOOO(Trec)
ch)-0.01iTroci

N1
So
Ag
Ag
Zn

[ac/ch)-TVS 
chj-l6|Trec)

ch)-TVS(tr)
ac/ch)-TVS

6. All trlbutarlo* to tho to* 
Pino* Rlvor, Including all 
lakaa and rooorvolro, from a 
point Imnedletely bolow tho 
confluonco with Boar Crook 
(T35N, R7V) to tho 
toloredo/New Ha*Ico bordor, 
except for tho specific 
listing 1n Segment 4| all- 
tributaries to tho San 'Juan 
River 1n to Plata County.

UP

Aq Life Cold 
Rocroatlon 2 
Agriculture

2 0.0. - 6.0 mg/1 
0.0.(*pj-7.0 mg/1 
pH • 6.5-9.0
F.Col1*2000/I00m1



Pages STREAM CLASSIFICATIONS ar.c^ATEn QUALITY STANDARDS

REGION: 9

BASIN: ANIHAS AND FLORIOA RIVER

Stream Sagment Description

Des 1g Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERS

PHYSICAL
and

BIOLOGICAL

INORGANIC

mq/1

METALS

uo/1
1. All trlbutartas to tha Anlroaa

River and Florida River, 
Including all lakaa and 
reaervolre, which ara within 
tha Wemlnuche Wlldarnaaa
Araa.

Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

0.0. - 6.0 mg/1
0.0. (.p).7.0 mg/1 
pH • 6.5-9.0
F.Co11-200/100ml

NH,(ac)-TV$
NH1(ch)*0.02
C1.(ac)*0.019
C1»(ch)*0.011
CN-0.005

S-0.002
6*0.75
NCX-0.5
NO,-10 
C1-250 
S0.-250

A.(.c)-50(Tr.c)
Cdl.c).TVS(tr)
Cd(ch)-TVS
CrIII(.e)-50(Tr.c)
CrVI(»e/chl-TVS
Cuf.e/ehl-YVS

Fe
Fa
Pb
Mn
Mn
Hfl

ch)-300(d1.)
ch)-lOOO(Tr.e)
•e/ch)-TVS
ch)-50(d1.)
ch)-lOOO(Tr.c)
chl-P.OllTrtcl__

HI
Se
Ag
Ag
Zn

•e/ehl-TVS • 
ehj-10|Tr,e)

ch)-TVS(tr)
•e/ch)-TVS

2. Melnstem of tha Anlaiaa R1var,
Including all tributaries, 
from tha source to a point 
Immediately above tha 
confluence with Elk Creak, 
except for specific listings
1n Segments l and S through
8a and 8b.

R,cr«*t1on 2 pH • 6.5-9.0
F.Col1*2000/100ml

3. Halnatam of the Animas River
from a point Immediately 
above the confluence with Elk 
Creek to the confluence with 
Junction Creek.

UP

Aq i«#e Ce*d 1 
awnwl *e« 1
meter
A*r »t«Mre

o.o • • a «,/i
0 0 (•# •» • eg/t

-s
•s

&

ae)*fvt 
•a) -a if 
*«)•« •19 
«al«4 ail

1 M

t*4 001
M
an,-* Ot 
»,.»a

As(ch)-SO
Ci(ca|-.a 
(rltil«*)-ao 
(rellsei-aa 
(•(•a l-M

Fe
Fe
Pb
Mn
ae»

ch
ch
ch
ch
ch

-300(dla) 
•1150
•43
•50(d1a)
-1000

IS

Se
ss

ch)-.05
ch)-50
chi-10
ch)-.l
ch)-470

All atatals 
ere Tree 
unleaa
otharwlse
notad.

4. Halnatam of the Animas River
from the confluence with 
Junction Creek to the 
Colorado/New Mexico border.

u*
6, 1 • •» <«*, 1

1
•»«•»

• • »••»/•
* • (*.!•»» m,/«
Tn ili/iifci

-s
•s

«*.
Om

*«
«e
ee 
• ai «

• »f1
*• a#
•4 ait
4 an 

aa

M ami
M »•

••
«yia
(
IO.*IM

4.I..I.M

Cl (.*)-!»
C.(«»)-»

Fe
Fe
Pb
Mn
Mn

ch
ch
ch
ch
ch

-300(d1a)
•1500
•55
•50(d1a)
•1000

N?

s.
*8
Zn

ch)-.05
ch)-100
Ch)-10
ch)—.1 
ch)-lS0

All smtals 
are Tree 
unleaa
otharwlae
noted.

5. Halnatam, Including all
tributaries, lakes and 
reservoirs, of Cinnamon
Creek, 6rouae Creek, Plceyne 
6u1ch, Minnie Gulch, Haggle 
Gulch, Cunningham Creek,
Boulder Creek. Whitehead
Gulch, end Holes Creek from 
their sources to their 
confluences with the Anlmes 
River.

Aq Ilf. t.l, 1 
Recreation t
Water Supply 
Agriculture

0.0. • B.O a»g/1
0.0. fsp)-7.0 mg/1 
pH « 4.5-9.0
F.Col1-2000/100ml

NK,
NH,
3:

CN-<

ac)*fVS 
ch)*0.02 
ac)-0.019 
ch)-0*011 

0.005

5- 0.002
6- 0.75 
N0.-0.05
NO,-10
Cl-250 
$0,-250

A.(.c)-50(Tr«c)
Cd(,c)-TVS(tr)
Cdfch)«TVS
CrIII(,c)-50(Trac)
CrVI(.c/ch)«TVS
Cu(.c/cn)-TVS

Fe
Fe
Pb
Mn
Mn
Mg

[ch)-300(d1a)
Ch)-lOOO(Trec)
ec/ch)-TVS
ch)-50(d1a)
eh)-lOOO(Trec)
ch)-O.Ol(Trec)

N1
Se
I®
i®
Zn

ac/ch)-TVS
chl-lO^Trec)

ch)-TVS(tr)
ec/ch)-TVS

6. Ha1nstem of Cement Creek,
Including all tributaries, 
lakes, and reservoirs,*from 
the source to the confluence 
with the Animas River.

Recreation 2 pH • 6.5-9.0
F.Col1*2000/100ml

7. Melnstem of Mineral Creek,
Including all tributaries,, 
from the source to a point 
Imrwdlately above the 
confluence with South Mineral 
Creek except for the specific 
llstlna In Seament 8a.

Recreation 2 
Agriculture

pH • 3.5-9.0
F.Col1*2000/100m1

CN-0.2 B*0.75 A«(ch)-0.1
Cd(ch)-0.005
Crill(ch)-O.1
CrVl(ch)-O.1

Cu(ch)-0.2
Pb(ch)-0.035
Hg(ch)-0.05
Hi (ch)-0.05

Se(ch)-0.02
Ag(ch)-0.1
Zn(ch)-2.0

All metala 
are Tree
unleaa
otharwlae
noted.

6a. Halnatam of South Mineral
Creek Including all 
tributaries, lakes and 
reservoirs from the source to 
a point Imsedlately above the 
confluence with Clear Creek; 
malnstems. Including all 
tributaries, lakes and 
reservoirs of Mill Creek, and 
Bear Creek from sources to 
confluence with Mineral
Creek; all lakes and 
reservoirs 1n the drainage 
areas described 1n Segments 7 
throuqh 9.

Aq Life Cold 1 
Recreation 2
Water Supply
AgrIculture

0.0. • 6.0 mg/1
0.0. (tp)-7.0 ng/1 
pH • 6.5-9.0
F.Col1-200/100ml

NH,(ac)-TVS
NH.(ch)-0.02
C1,(ac)-0.019
Clt(ch)-0.011
CN-0.005

5- 0.002
6- 0.75 
N0.-0.05
NO,-10 
C1-250 
S0,-250

Aa(ac)-50(Trec)
Cd(ac)*TVS(tr)
Cd (ch)-TVS
Crill(ac)-50(Trec) 
CrVI(ac/ch)-TVS 
Cu(ec/ch)-TVS

Fe
Fe
Pb
Mn
Mn
Hg

fch)-300(d1s) 
ch)-lOOO(Trec) 
ec/ch)-TVS 
ch)-50(d1a) 
ch)-lOOO(Trec) 
ch)-0.01(Tree)

N1
Se
Ag
Ag
Zn

ac/ch)-TVS:5 :lirr*e)

eh)-TVS(tr)
•c/ch)-TVS

6b. Melnstem of South Mineral
Creek, Including all 
tributaries, from a point 
irranedtately above the 
confluence with Clear Creek 
to the confluence with
Mineral Creek and the 
melnstem of Mineral Creek 
from iiranedlately above the 
confluence with the South
Fork to the confluence with 
the Anlmes River.

Aq Life Cold 1 
Recreation 2 
Agriculture

D.O. • 6.0 mg/1
D.O. (sp)-7.0 mg/1 
pH • 6.5-9.0
F.Col1*2000/100ml

NH,(ec)*TVS 
NH,(ch1-0.02 
C1.(ac)*0.019 
C1»(ch)*0.011 
CN-0.005

5- 0.002
6- 0.75 
N0,-0.05

As(ch)-50
Cd(ch)-2
Crl 11 (ch)-100
CrVI(ch)-25
Cu(ch)-5

Fetch
Pbich
Mnich
Hatch
Nl(ch

-1000
•14
-1000
-.05
-50

Se(ch)-20
Agjchl-.l
Zn(ch)-50

All metela 
are Tree
unless
otherwise
noted.



Page6 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

REGION: 9

BASIN: ANIMAS AND FLORIDA RIVER

Stream Segment Description

Doslg Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERS

PHYSICAL
ond

BIOLOGICAL

INORGANIC

wq/i

METALS

uq/1
9. HilnitM of Clear Crook from

tho source to tho confluence 
with South Mlnorol Crook.

UP
Aq L1fo Cold 1 
Rocroatlon 2 
Agriculture

0.0. - 6.0 mg/1
0.0. (sp)*7.0 mg/1 
pH - 6.5-9.0
F.Col 1-2000/100ml

NH,(ee)*TVS
NH,(ch)*0.02
C1.(oc)*0.019
Cl»(ch)-0.011
CN-0.005

S-0.002 
B-0.75
80,-0.05

A.(eh)-SO
Cd(ch)-.4
CriII(ch).100
CrVI(ch)*25 
Cufch)-150

Fa(ch
Pbich
Mnfch
Hgfch
Nlfch

-5000
• 4
-1000
-.05
•SO

So(ch)-20
AgjchJ-.l
Zn(ch)-460

All motala 
ora Troc
unlaaa
otherwise
noted

10. Ma 1nstom of tho Florida fllvor 
from tho boundary of tho 
Wemlnuche Wilderness Aroo to 
tho Florida Farmors Canal 
Hoodooto, except for tho 
•pacific listings In Sogmont 
l<b.

Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

0.0.*6.0 mg/1
0.0.- 7.0 mg/1 
pH - 6.5-9.0
F.Col 1*200/100ml

NH,(oc)*TVS
NH.(ch)*0.02
C1t(oc)*0.019
C1.(ch)-0.011
CN-0.005

S-0.002
B-0.75
N0.-0.0S
NO,* 10
Cl*250
SO,-250

A.(.c)-SO(Ir.e)
Cd(ac).TVS(tr)
CdfehJ-TVS
CriII(»e)*50fTr.c) 
CrVI(.e/ch)«TVS 
Cu(.c/cu).|VS

Fa(ch)-300(d1s) 
Fe(ch)-1000(Tree) 
Pb(oe/ch)-TVS 
Hn(ch)-50(d1s)
Hn(chi*1000(Tree) 
Hg(ch)*0.01(Tree)

HI
Sa
Ag
Ag
Zn

oc/ch)-TVS
ch)-l6(Trec)
ec)-TVS
ch)-TVS(tr)
oc/ch)*TVS

11. Ms1nstem of tho Florida R1vor 
from tho Florida Fonnora
Canal Hoadgato to tho 
confluonco with tho An1a»os
River.

Aq Ufa Cold 1 
ImposIIso 1
Water Uos'r
If U«U«r«

0.0. • 6.0 mg/1
0.0. (aa)*f.0 mg/1
am • 6 i f •
9 (oii««sa/ioaBi

-s
-s
si

oc)*TVS 
fo)-0 Of 
h U 919 
•e)«9 ait
t aea

S-0.002
9-0.ft 
■0,-9 09 
wo,* 19 
(•*««•

As(oc)*50(Tree) 
Cd(ac)-Tv4(tr) 
Ca(«ai-fvt 
(r f||}#«)*94(freel 
<-allao/oa|*fvt
£*!•« Jih l-Tft

F.(ch)-300(d1»)
F.(ch)>1000(T r.c 
Pb(.c/ch)"TVS 
Mnfch).50(d1») 
t*.(cA)-1000(Tr.e)
Ha (ch)-0.01iTr.el

HI
So
Ag
Ag
Zn

ac/eh)*TVS

chJ-TVS(tr)
oc/ch)-TVS

12o. All trlbutarloa to tho Animas 
Rlvor. Including all lokos 
and rosorvolra from a point 
Imedletely abova tha 
confluanca with Elk Cr. to a 
point 1*med1ate1v bolow tha 
confluanca with Kermoaa Cr. 
except for specific listings
In Segment 1ft. All 
trlbutarloa to tha Florida 

• Rlvar Including all lakas and 
rosorvolra from tha aourca to 
tha outlat of lamon Roaarvolr 
axcapt tha apaclflc Hating
In Sogmont 1. Mo Instoms of
Rod and Shoarar Crooks from 
tholr sourest to thalr 
confluancos with tha Florida 
Rlvar.

•• .•*. «•>. i 
■» 1 

> m'l 
•r

ft 9 • 4 a mg/'
ft a (SOI*' 9 oayi 
am • ft1 • •
1 coM«am/»ato(

—s,
-s
iiL

a*/••vB 
•*>•4 99•al-4 919 
•el-# 911 

% awe

v-e emd
9-a 14 
■V* 99

(»-99# 
M^fta

(. Mj.inli.l

C.fll
<r.!(»./«.1.frt 
C.(M/.f>)>tVl

Fa(ch)*300(d1s)
Fa(ch)*1000(Tree)
Pb(ac/ch)*TVS
Mn(ch)*50(d1s)
Mn(chi-1000(Tree) 
Hg(ch)*0.01(Tree)

N1
So
Ag
Ag
Zn

•c/ch)-TVS
chj-lOjTrec)

ch)-TVS(tr)
ac/ch)-TVS

12b. Lamon Roaarvolr. Aq Life Cold 1 
Rocroatlon 1
Water Supply 
Agriculture

0.0. - 6.0 mg/1
0.0. (sp)*7.0 mg/1 
pH - ft.5-9.0 
p.Col 1*200/100ml

NH.(oc)*TV$
NH,(ch)*0.02
Clt(oc)-0.019
C1.(ch)*0.011
CN-0.005

S-0.002
B-0.75
N0.-0.05
NO,-10.02‘
C1*250
SO.-250

A.(.c)-50(Tr.c)
Cdi.e).TVS(tr)
Cd(ch)-TVS
CriII(.c)-50(Tr.c)
CrVI(.c/eh)-TVS
CuI.e/eM-TVS

Fa
Fa
Pb
Mn
Mn

ch)-300(d1a)
ch)-lOOO(Trec)
ac/ch)-TVS
ch)-50(d1s)
ch)-lOOO(Trec)
chi-O.OliTreci

N1(ac/ch)-TVS 
Soich)-10(Troc) 
Ag(oc)*TV5 
Ag(ch)-TVS(tr) 
Zn(ac/ch)-TV$

13a. Mo 1nstam of Junction Croak, 
ond Including all 
trlbutarloa. from U.S. Forast 
Boundary to confluanca with 
Animas Rlvor.

UP
Aq Life Cold 2 
Recreation 2 
Agriculture

0.0.-6.0 mg/1
0.0. (ap)*7.b mg/1 
pH • 6.5-9.0
F.Col1*2000/100ml

KH,(ac)-TV5
NHjfchi-0.02
Clt(oc)*0.019
Clt(ch)«0.0ll
CN-0.005

S-0.002
B-0.75
N0,*0.0$

A.(«c/ch)-TVS
Cdi.e).TVS(tr)
Cd(ch)-TVS
CriII(»c/ch)-TVS
CrVI(.e/eh)-TVS
Cu(.e/cn)-IVS

Fa
Pb
Hn
S?

_5l

ch)-lOOO(Trac) 
•c/ch)-TVS 
ch)-lOOO(Troc) 
ch)-O.Ol(Trec) 
ac/ch)-TVS 
Jc/chl-IVS______

Ag(«c)-TVS
Agfch)-TVS(tr)
2n(.c/ch)-TVS

13b. All trlbutarloa to tha Animas 
Rlvor. Including all lakas 
ond rosorvolra. from o point 
Invnedletely bo low tho 
confluanca with Hannoaa Croak 
to tha Colorodo/Naw Moxlco 
bordor. axcapt for tha 
•pacific listings 1n Sogmonta
10. 11. 12a. 12b, 13a and 14s 
oil trlbutarloa to tha
Florida Rlvor. Including all 
lakas and reservoirs, from 
tho outlat of Lamon Roaarvolr 
to tha confluanca with tha 
Animas Rlvor. axcapt for 
•pacific listings In Sogmont
12o.

UP
Aq Life Cold 2 
Recreation 2 
Agriculture

D.O. - 6.0 mg/1
0.0.(sp)*7.0 mg/1 
pH • 6.5-9.0
F.Col1*2000/ICOrel



Page7 STICKS CLASSIFICATIONS aruMVATER QUALITY STANDARDS

REGION: 9

BASIN: ANIMAS ANO FLORIOA RIVER

D».1g ClaaalfIcatlona NUMERIC STANOARDS TEMPORARY 4 
HOOIFICATIONS 1 

AND E
QUALIFIERS j

PHYSICAL
and

BIOLOGICAL

INORGANIC

mq/1

METALS

Ufl/1

Stream Segment Description

14. Malnitem of Llghtner Creek 
from tha aourca to tha 
confluence with tha Animat 
Rlvar.

Aq Ufa Cold 1 
Racraatlon 1
Watar Supply 
Agriculture

0.0. - 5.0 mg/1
0.0. (ap)*7.0 mg/1 
pH • 6.5-9.0
F.Col 1-200/100ml

NH,(ac)*TVS
NH, (eh)-0.02 
C1.(ac)*0.019 
C1.(ch)-0.0n 
CN-0.005

S-0.002
B-0.75
NOj-0.05
NO,* 10 
C1-250 
SO.-250

Aa(ac)*50(Trac)
Cd(ac)-TV$(tr)
Cd(ch)-TVS
CrllI(ac)-SO(Trac) 
CrVI(ac/ch)*TVS
Cufac/cnl-TVS

Fe(ch)-300(d1a)
Feeeh)*1000(Tree)
Pb(ac/ch)-TV$
MH(ch)-50(d1a)
Mn(ch)-lO0O(Trec)
H<tfeh)*0.01(Treci

N1
Sa
*9
*9
Zn

ac/ch)-TVS 
eh1-lO^Trac)

ch)*TVS(tr)
ac/ch)*TVS

IS. Halnatam of Purgatory Creek 
from aourca to weacade,
Caacada Creek, Souldlng Craak 
from tha aourca to Clbart
Craa. and Nary Drew from tha 
aourca to Navlland taka.

UP
Aq Ufa Cold 2 
Racraatlon 2
Watar Supply 
Agriculture

0.0.*6.0 mg/1
0.0.(ap)-7.0 mg/1 
pN • 6.5-9.0
F.Col 1-2000/100ml

CN-0.2
S-0.05
NO,-1.0

NO,* 10 
0-250 
SO4*250

Aa(ch)-50
Cd (ch)-10
CrII1(ch)-50
CrVI(ch)-SO

Cu(ch)-1000
Fe(ch)-0.3(d1a)
Pb(ch)-50
Mn(ch)-50

Kg(ch)-2
Sa(ch)-10
Ag(ch)*50
Zn(eh)*5000

All amtala 
ara Trac 
unlaaa
otherwlaa
noted.

j.



Page8 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

REGION: 9

BASIN: LA PLATA RIVER, HANCOS
RIVER, McELMO CREEK. AND SAN JUAN 
RIVER IN MONTEZUMA COUNTY AND
DOLORES COUNTY
Straus Segment Description

Doitg Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERS

PHYSICAL
and

BIOLOGICAL

INORGANIC

mg/1

METALS

ug/1

I. Metnstem of the La Pint*
River, Including nil 
tributaries, Ukii, and 
reservoirs, from tha source 
to tho Hair 6u1ch diversion 
south of Hesoerua.

Aq L1fo Cold 1 
Racroatlon 1
Water Supply 
Agriculture

D.O. • 6.0 eng/1
D.O. (sp)-7.0 mg/1 
pH - 6.5-9.0
F.Col1*200/100ml

NH,(*e)-TVS
HHich-0.02
C1i(ac)*0.019
C1,(ch)-0.011
CN-0.005

S-0.002 
B-0.75 
N0.-0.05 
NO,-10 
Cl-250
SO.-2 50

A.(.c)-50(Tr.c)
Cdf.c)-TVS(tr)
CdfehJ-TVS
CrllI(.c)-50(Tr.c)
CrVI(.e/ehl-iVS
Cuf.c/cnl-TVS

Fe
Fe
Pb
Mn
Kn
Hfl

ch)-300(d1a)
ch)-lOOO(Trec)
ac/ch)-TVS
ch)-50(d1a)
ch)-lOOO(Trec)
ch)-0.01(Tree)

N1
Se
Ag
Ag
Zn

ac/ch)-TVS
chj-10|Tr*c)

ch)-TVS(tr)
ac/ch)-TVS

2. Melnatem of tho La Plata
River from tho Hay Gulch 
dlvaralon south of Hosporua 
to tho Colorado/Now Mexico 
bordor.

UP
Aq L1 fa Warm 2 
Rocroatlon 2 
Agriculture

D.O.*5.0 mg/1 
pH • 6.5-9.0
F.Col1-2000/100ml

NH,(ac)*TVS 
NH,(chl—0.1 
Cl!(sc)*0.019 ' 
Cl!(ch)-0.0U 
CN-0.005

S-0.002
8-0.75
N0a-0.05

Aa(ch)-S0
Cd(ch)-.1
CrIII(ch)-100
CrVI(ch)«2S
CuTcul-iO

Fe
Pb
Mn
Si

ch)-1000 
ch)-43 
ch)-1000 
chJ-.05 
ehi-100

Se(ch)-20
Ag(ch)-.l
Zn(ch)-140

All motels || 
are Tree l] 
unless [1 
otherwise 1 
noted. fi

3. All tributaries to tho La
Plata Rlvar, Including all 
lakes and reservoirs. from 
tho Hay Gulch diversions 
south of Hosporua to tho 
Colorado/Now Moxlco bordor.

UP
Aq Life Warm 2 
Recreation 2 
Agriculture

D.O. • 5.0 mg/1 
pH • 6.5-9.0
F.Col 1*2000/100ml

4. Melnstem of tho Mancoa Rlvor,
Including all trlbutarloa, 
lakoa, and roaorvolra, from 
tho aourco of tho East, Watt 
and Middle Forks to Hwy 160.

Aq Life Cold 1 
Recreation 1
Wator Supply 
Agriculture

D.O. • 6.0 mg/1
D.O. (sp)-7.0 mg/1 
pH - 6.5-9.0
F.Col 1-200/100*1

NH,(ch)*0.02
C1,(acl-0.019 
C1.(ch)-0.011 
CN-0.005

S-0.002
B-0.75
NO.-0.05
NO,-10 
Cl-250
SO.-250

A.(.c)-SO(Tr.c)
Cdf.c)-TVS(tr)
Cd(eh)-lVS
CrIIl(,c)-50(Tr.c)
CrVI(«c/chl-TVS
Cu(.c/chl-TVS

Fe
Fe
Pb
Mn
Mn
Hq

[ch)-300(d1a) 
ch)-lOOO(Trec) 
*c/ch)-TVS 
ch)-50(d1a) 
ch)-lOOO(Trec) 
chi-0.01(Tree)

HI
Se
Ag
Ag
Zn

ac/ch)-TVS
chj-10|Trec)

ch)-TVS(tr)
oc/ch)-TVS

5. Malnstom of tho Mancoa Rlvor
from Hwy !60 to tho
Colorado/Mow Moxlco bordor.

UP
Aq Life Warm 2 
Rocroatlon 2 
Agriculture

D.O. • 5.0 mg/1 
pH - 8.5-9.0
F.Coll-2000/100ml

NH,
NH,
ci,ci|
CH-

ac)-TVS
ch)-0.01
aci-0.019
ch)-0.011
>.005

5- 0.002
6- 0.75
NO, -0.05

A»(ch)-50
Cd(ch)-1
CrIII(ch)-100
CrVI(chl-25
Cu(chl-30

Fe
Pb
Mn
5?

ch)-5100
chl-25
ch)-1000
ch)-.05
ch)-100

S.(eh)-20
Agfchj-.l
Zn(chj-150

All metals 
are Tree
unless
otherwise
noted.

6. All trlbutarloa to tho Mancoa
Rlvor, Ineluding all lakoa 
and roaorvolra, from Hwy 160 
to tho Colorsdo/Nsw Moxlco 
bordor.

UP
Aq Life Warm 2 
Rocroatlon 2 
Agriculture

D.O.-5.0 mg/1 
pH - 6.5-9.0
F.Col 1-2000/l00ml

7. Malnstom of Me Elmo Crook from
tho aourco to tho
Colorado/Utah bordor.

UP
Aq Life Warm 2 
Rocroatlon 2 
Agriculture

0.0. • 5.0 mg/1 
pH • 6.5-9.0
F.Col1*2000/100ml

NH,
HH,
Cl,
Cl,
CN-

ac)-TVS 
chi-0.1 
ac)-0.019 
,ch)-0.0U 
t>.005

S-0.002
B-0.75
NO, -0.05

A»(eh)-50
Cdlch)-5
CrIII(ch)-100
CrVI(chl-25
CuIchl-19

Fe(ch 
Pbich 
Mnich 
Hgtch 
HI (ch

-10400
-50
-1000
-.05
-200

Se(ch)-20
Ag (ch)-.lS 
Zn(ch)-100

All metals 
are Tree
unless
otherwise
noted.

8. All tributaries to McElmo
Crook and tho San Juan Rlvor
In Montoxuma and Doloros 
Countloa, Including all lakoa 
and rsaarvotrs, oxcopt for 
spoclflc listings 1n Segments
2 throuqh 7.

UP

Aq Life Warm 2 
Rocroatlon 2 
Agriculture

0.0. • 5.0 mg/1 
pH-6.5-9.0
F.Col1*2000/100 ml

'

9. Malnstom of tho San Juan
Rlvor 1n Montoxuma County.

Aq Life Warm 1 
Recreation 1 
Agriculture

D.O. - 5.0 mg.1 
pH-6.5-9.0
F.Col1-200/100ml

NH,(ac)-TVS 
NH,(ch)-0.06 
Cutec 1-0.019 
Cl!(ch)-0.011 
CN-0.005

S-0.002
B-0.75
NO,-0.5

A,(.e/ch)-TVS
Cd(.e/ch)-TVS
CrIlI(.c/ch)-TVS
CrVI(,c/ch)-TVS

Cu(ac/ch)-TVS
Fe(ch)-2200(Tree) 
Pb)ac/ch)-TVS 
Mn(ch)-1000(Tree) 
Hq(ch)-0.01(Tree)

S.(.c/ch)-TVS
Agi.e/chl-TVS
Zn(.c/ch)-tVS



Page9 STREAM CLASSIFICATIONS an^ATER QUALITY STANDARDS

REGION: 9

BASIN: DOLORES RIVER

Stream Segment Description

0..I, Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

ANO
QUALIFIERSPHYSICAL

and
BIOLOGICAL

INORGANIC

ma/1

METALS

Ufl/1
1. All tributaries to tho

Doloras River and West
Dolores River, Including all 
tributaries, lakes, and 
reservoirs, which are within 
th, Llxtrd H..d V1ld»rn*ii.

Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

.0.0. - 6.0 mg/1
D.O. (ep)-7.0 mg/1 
pH - 6.5-9.0
F.Col1-200/100ml

NH,(ac)-TVS
NH,(ch)-0.02
Cla(aci-0.019
C1a(ch)-0.011
CN-0.005

S-0.002
B-0.75
N0,-0.05
NO,-10 
C1-250 
SOa-250

A.(.c)-50(Tr.c)
Cdi.c).TVS(tr)
Cd(ch)-TVS
CrIIl(.c)*50(Tr.c) 
CrVI («c/cM-TVS 
Cu(.c/cM-TYS

F.(ch)-300(d1i)
F.(eh).1000(Tr.e)
Pb(.c/ch)«TVS
HN(ch)>50(d1.)
Hn(chl-1000(Tr.c)
Hqfchl-O.OliTr.cl

N1
Se
*9

Zn

ae/eh)-TVS
ch)-lO(Trec)
ac)-TVS
ch)-TVS(tr)
ac/ch)-TVS

2. Halnstem of the Dolores River
from the source to a point 
lemedlately above the 
confluence with Horse Creek.

Aq Life Cold 1 
Recreation 2
Water Supply 
Agriculture

D.O.*6.0 mg/1
D.O.(ap)-7.0 mg/1 
pH • 6.5-9.0
F.Col 1-2000/100ml

NH,(ac)-TVS
a(ch)-0.02
Cl.(ac)-0.019
C1.(ch)-0.011
CN-0.005

S-0.002
B-0.75
NO.-0.05
NO,-10 
C1-250 
SO.-250

A.(ch.50
Cd(ch)*.4
Crll I(ch)*50
CrVI(ch)*25
Cu(ch)-6

Fe(ch)-1000
Pbichi-4
Mn(eh)-50(d1s)
Hn(ch)-1000
Hg(ch)-.05

HI(eh)-50
Se(chj-10 
Ag(ch)-.l
Zn(ch)-100

All amtals 
are Tree 
unlesa
otherwise
noted.

3. Malnstem of the Dolores River
from a point Immediately 
above the confluence with
Horse Creek to a point 
lomedletely above the 
confluence with Bear Creek.

Aq Life Cold 1 
Recreation 2 
Agriculture

D.O.-6.0 mg/1
0.0. (sp)-7.0 mg/1 ■ 
pH • 6.5-9.0
F.Col1-2000/100m1

NH,(ec)-TVS
.(ch)-0.02
Clt(ac)-0.019
Cla(ch)-0.011
CN-0.005

S-0.002
B-0.75
NO,-0.05

A.(ch-50
Cd(ch)-.4
CrllI(ch).100
CrVI(ch)*25
Cu(ch)-14

Fe(ch 
Pbtch 
Mnfch 
Hgich 
HI (ch

-1000
-4
-1000
-.05
•50

Se(eh)-20
Ag ch}-.l 
Zn(ch)-240

All amtals 
ere Tree
unless
otherwise
noted.

4. Malnstem of the Dolores River
from a point Imoedlately 
above the confluence with
Bear Creek to the bridge at 
Bradfleld Ranch (Forest Route 
505) Includes McPhee
Reservoir.

Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

D.O.-6.0 mg/1
D.O.(ap)-7.b mg/I 
pH - 6.5-9.0
F.Col1-200/I00m1

NH,
NH,
ci,
ci.
CN-

ac)-TVS
ch)-0.02
ac)-0.019
ch)-0.011
0.005

S-0.002
B-0.75
N0a-0.05
NO,-10 
C1-250 
SO4-250

A.(.c)-50(Tr.c)
Cdf.c)-TVS(tr)
Cd(eh)-TVS
CrlII(.c)-50(Tr.c)
CrVI(.e/chj-TVS
Cu(.c/ch)-TVS

Fe
Fe
Pb
Hn
Mn
Hg

ch)-300(d1s)
ch)-lOOO(Trec)
ac/ch)-TvS
ehi-SO(dls)
ch)-lOOO(Trec)
eh)-O.Ol(Tree)

N1
Se
ifl
*9
Zn

ae/eh)-TVS
chl-lO^Trec)

ch)-TVS(tr)
ae/ch)-»vs

5. All tributaries to the
Dolores River and West
Dolores River, Including all 
lakes and reservoirs, from 
the source to a point 
Imnedletely below the 
confluence with the West
Dolores River except for 
specific listings In Segments
1 and 6 through lOj malnstem 
of Beaver Creek (Including 
Plateau Creek) from the 
source to the confluence with 
the Dolores River.

Aq Life Cold 1 
Recreation 2
Water Supply 
Agriculture

D.O. - 6.0 mg/1
D.O.(sp)-7.0 mg/1 
pH - 6.5-9.0
F.Col1-2000/100ml

NH.
NH,
Cl,
cia
CN-

ac)-TVS
ch)-0.02
ac)-0.019
ch)-0.011
5.005

S-0.002
B-0.76
NO.-0.05
NO,-10 
C1-250 
S04-250

As(ch)-50
Cd(ch)-.4
CrIIl(ch)-SO 
CrVI(ch)-25
Cu(ch)-5

Fe
Fe
Pb
Mn
Mn

eh)-300(d1s)
chi-1000
ch)-4
ch)-SO(dls)
ch)-1000

K?
Se
Ag
Zn

ch)-.05 
ch)-S0 
ch)-10 
ch)-.1 
ch)-S0

All metals 
are Tree
unless
otherwise
noted.

6. Malnstem of the Slate Creek
and Coke Over Creek, from 
their sources to their 
confluences with the Dolores 
River.

Aq Life Cold 1 
Recreation 2
Water Supply 
Agriculture

0.0. - 8.0 mg/1 
0.O.(*p)-7.0 mg/1 
pH - 6.5-9.0
F.Col (-2000/ 100ml

KH«(ac)-TVS
NH,(ch)-0.02
C1.(ac)-0.019
C1,(ch)-0.011
CN-0.005

S-0.002
B-0.75
NO,-0.05
NO,-10 
C1-250 
S0.-250

A.(ch)>50
Cd(ch)*l.l
CrIIl(ch)-SO 
CrVI(eh)-25
Cu(eh)-17

Fe
Fe
Pb
Hn
Mn

ch)-300(d1s)
ch)-1000
ch)-4
ch)-SO(dls)
ch)-1000

Hg(eh 
Nlich 
Se(ch 
Ag (ch 
Zn(ch

-.05
•50
-10
-.1
•50

All metals 
are Tree
unless
otherwise
noted.

7. Malnstem of Coal Creek from
the source to the confluence 
with the Oolores River.

Aq Life Cold 1 
Recreation 2
Water Supply 
Agriculture

D.O. - 6.0 mg/1 ' 
D.O.(sp)-7.0 mg/1 
pH - 6.5-9.0
F.Col1-200/100ml

NH,(ch)*0.02
Cla(ec)-0.019
C1a(ch)-0.011
CN-0.005

S-0.002
B-0.75
NOj-0.05
NO,-10 
Cl-250
SO.-2 50

A.(.c)-50(Tr.e)
Cd(.c)-TVS(tr)
Cd(eh)-TVS
CrI1I(«c)-50(Tr«c) 
CrVI(.c/ch).|VS 
CuI.c/cnl-TVS

Fe(ch)-300(d1s) 
Fe(ch)-1000(Tree) 
Pb(ac/ch)«TV$ 
Mnich)-50(d1s) 
Mn(ch)-1000(Tree) 
Hqfch1-0.01(Tree 1

N1
Se
*9
Ag
Zn

ac/ch)-TVS
chj-10^Trec)

ch)-TVS(tr)
ac/eh)-TVS

8. Malnstem of Horse Creak from
the source to the confluence 
with the Dolores River.

Aq Life Cold 1 
Recreation 2
Water Supply 
Agriculture

D.O. - 6.0 mg/1 
D.0.(ap)-7.0 mg/1 
pH - 6.5-9.0
F.Col1-2000/100m1

NH,(ec)-TVS
HH,(ch)-0.02
C1a(ac)-0.019
C1a(ch)-0.011
CN-0.005

5- 0.002
6- 0.75 
NO.-0.05
NO,-10 
Cl-250
SO.-250

A.(ch)-50
Cd(ch)-.4 
CrIlI(ch)-50 • 
CrVI(ch)-2S
Cu(ch)*22

Fe(ch)-300(d1s)
Fe(ch)-1000
Pbichi-4
Mn(ch)-50(d1s)
Mn(ch)-1000

Hg(ch)-.05
N1 (ch)-50 
Se(ch)-10
Ag(ch)-.1 
Zn(ch)-100

All metals 
are Trsc
unless
otherwise
noted.

9. Malnstem of Silver Creak from
a point immediately below the 
Town of R1co*s water supply 
diversion to the confluence 
with the Dolores River.

UP
Aq Life Cold 2 
Recreation 2 
Agriculture

0.0. - 6.0 mg/1
D.O.(sp)-7.0 mg/1 
pH • 6.5-9.0
F.Col1-2000/100ml

NH,(ac)-TVS 
NH,(ch)-0.02 
Cla(ac)-0.019 
C1a(ch)«0.011 
CN-0.005

5- 0.002
6- 0.75 
N0,-0.05

As (ch)-50
Cd(ch)-6
CrllI(ch)-100
CrVI(ch)-25

Cu(ch)-20
Pb(ch)-16
Mn (ch)-1000 
Hg(ch)-.05

HI (ch)-50 
Se(ch)-20
Ag(ch)-.1 
Zn(ch)-1400

All metele 
are Tree
unless
otherwise
noted.



Pagel0 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

REGION: 9 D.«tj Class 1flest Ions NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERS

BASIN: DOLORES RIVER
PHYSICAL INORGANIC METALS

Stream Sogmont Ooscrlptlon and
BIOLOGICAL

«w/J ua/l
10. Halnstom of the Vest Dolores 

R(v«r froa tho source to the 
confluence with tho Oolores 
River,

Aq Life Cold 1 
Rocroatlon 1
Wator Supply 
Agriculturo

0.0. • 6.0 mg/1
D.O. (sp)*7.0 »g/1 
pH • o.5-9.0
F.Col 1*200/100*1

NHa(ac)*TVS
NH,(ch)-0.02
Cl.(ac)-0.019
C1.(ch)-0,011
CN-0.005

S-0.002
B-0.73
NO.-0.05
NO> 10 
C1*250 
S0.-250

As(ac)*50(Trec)
Cd(sc)*TVS(tr)
Cd(ch)-TVS
Crlll(ac)*50(Tree)
CrVI(ac/ch)-TVS
Cufac/ehl-TVS

Fo
Fa
Pb
Hn
Hn
HoJ

ch)-300(d1s)
ch)*1000{Trec)
ac/chj-TVS
ch)-50(d1s)
ch)-lOOO(Trac)
ch>-0.01<Treci

N1
So
*9
*9
Zn

ac/ch)-TVS 
chj*10£Trec)

ch)*TVS{tr)
ac/ch)*TVS

11. All tributaries to tho
Dolores R1vor, Including oil 
lakes ond reservoirs, froca o 
point linnedlately bolow tho 
confluonco of tho Woot
Dolores River, to tho bridge 
ot Brodflold Ranch (Forest
Routo 5051, except for tho 
•pacific listing In Sogmont

UP
Aq Ufa Cold 2 
Rocroatlon 2 
Agriculturo

0.0.-6.0 mg/1 
0.0.(sp)~7.b mg/1 
pH - 6.5-9.0
F.Col 1*2000/100*1



3.4.8 STATEMENT OF BASIS AND PURPOSE

I. Introduction

These stream classifications and water quality 
standards for State Waters of the San Juan River 
Basin including all tributaries and standing bodies 
of water and the Dolores River Basin including all 
tributaries and standing bodies of water south of 
the northern Dolores County line in all or parts of 
Archuleta, Conejos, Dolores, Hinsdale, La Plata, 
Mineral, Montezuma, Rio Grande and San Juan 
Counties implement requirements of the Colorado 
Water Quality Control Act C.R.S. 1973, 25-8-101 et 
seq. (Cum. Supp. 1981). They also represent the 
implemention of the Commission's Regulations 
Establishing Basic Standards and an Antidegradation 
Standard and Establishing a System for Classifying 
State Waters, for Assigning Standards, and for 
Granting Temporary Modifications (the "Basic 
Regulations")

The Basic Regulations establish a system for the 
classification of State Waters according to the 
beneficial uses for which they are suitable or are 
to become suitable, and for assigning specific 
numerical water quality standards according to such 
classifications. Because these stream 
classifications and standards implement the Basic 
Regulations, the statement of basis and purpose 
(Section 3.1.16) of those regulations must be 
referred to for a complete understanding of the 
basis and purpose of the regulations adopted 
herein. Therefore, Section 3.1.16 of the Basic 
Regulations is incorporated by reference. The focus 
of this statement of basis and purpose is oh the 
scientific and technological rationale for the 
specific classifications and standards in the San 
Juan River Basin.

Public participation was a significant factor in 
the development of these regulations. A lengthy 
record was built through public hearings held on 
May 14, 1981. A total of 10 entities requested and 
were granted party status by the

9



Commission in accordance with C.R.S. 1973, 24-4-101 
et seq. (Cum. Supp. 1980). A supplementary public 
rulemaking hearing was held September 15, 1981,
restricted to those issues raised by the changes in 
the Act contained in Senate Bill 10 (1981). Such 
issues included but were not limited to: "The
economic reasonableness" evaluation required by 
25-8-102(5), the effect on water rights as required 
by 25-8-104; and the new considerations for the 
adoption of water quality standards required by 
25-8-204 C.R.S. 1973, as amended. The record
established in these hearings forms the basis for 
the classifications and standards adopted.

II. General Considerations

1. These regulations are not adopted as control
regulations. Stream classifications and water
quality standards are specifically distinguished 
from control regulations in the Water Quality 
Control Act, and they need not be adopted as 
control regulations pursuant to the statutory 
scheme.

2. The Commission has been requested in public
hearings to rule on the applicability of these and 
other regulations to the operation of water
diversion facilities, dams, transport systems, and 
the consequent withdrawal, impoundment, non-release 
and release of water for the exercise of water 
rights. The Commission has determined that any
such broad ruling is inappropriate in the context 
of the present regulations. The request does not 
raise specific questions as to proposed 
classifications and standards. However, the 
Commission has taken into account the fact that 
some issues are unresolved in adopting 
classifications and standards. On January 5, 1981, 
the Commission adopted a policy statement on 
quality/quantity Issues that addresses a number of 
these concerns. Finally, the Commission has 
adopted these regulations in compliance with the 
requirements of the Water Quality Control Act that 
have bearing on these issues (See e.g.) sections 
102, 104, and 503(5).

10



III. Definition of Stream Segments

1. For purposes of adopting classifications and water 
quality standards, the streams and water bodies are 
identified according to river basin and specific 

water segments.

2. Within each river basin, specific water segments
are defined, for which use classifications and
numeric water quality standards, if appropriate, 
are adopted. These segments may constitute a 
specified stretch of a river mainstem, a specific 
tributary, a specific lake or reservoir, or a 
generally defined grouping of waters within the 
basin (e.g., a specific mainstem segment and all 
tributaries flowing into that mainstem segment).

3. Segments are generally defined according to the
points at which the use, water quality, or other
stream characteristics change significantly enough 
to require a change in use classification and/or 
water quality standards. In many cases, such
transition points can be specifically identified 
from available data. In other cases the 
delineation of segments is based upon best
judgments of the points where instream changes in 
uses, water quality, or other stream 
characteristics occur.

IV. Use Classifications — Generally

1. Initially, recommendations for stream segmentation 
and use classifications are a result of input from 
208 plans, water quality data and reports, the 
Division of Wildlife, and personal knowledge. 
After a basic outline of stream segments and use 
classifications was prepared, water quality data 
from a variety of sources was compared against the 
"table value" for the proposed use. "Table value" 
refers to the four tables attached to the "Basic 
Regulations". In general, if the mean plus one 
standard deviation (x + s) of the available data 
for the segment indicated that a particular
parameter did not exceed the "table value" for that

11



■ recommended use, the "table value" was listed as 
the recommended standard for the parameter. If the 
x + s computation indicated that the instream 
concentrations of the parameter exceeded the "table 
value" and yet the use to be protected by that 
parameter was in place, then the x + s value was 
recommended as the standard for that parameter.

Conversely, if the ambient quality (x + s) for a 
certain parameter exceeded the "table value" for 
the protection of a use, and there is information 
that the use is not in place, the use
classification was modified or temporary 
modifications to the parameters were established. 
Ambient quality is generally defined as the quality 
attributable to natural conditions and/or 
uncontrollable non-point sources.

One exception to the procedure just described is 
for whole body contact recreation (class 1). If an 
active domestic waste discharge was located on the 
segment in question, class 1 recreation was not 
recommended regardless of the ambient quality, 
unless there was information to show that the 
segment was actually used for swimming. This 
policy was established by the WQCC in order to 
avoid penalizing a discharger for protecting a use 
which is not in place and to limit possible harm to 
aquatic life due to chlorine residuals.

2. The use classifications have been established in 
accordance with the provisions of Section 203 of 
the Water Quality Control Act and Section 3.1.6 and 
3.1.13 of the Basic Regulations.

3. In all cases the basic regulation has been
followed, in that an upstream use cannot threaten 
or degrade a downstream use. Accordingly, upstream 
segments of a stream are generally the same as, or 
higher in classification than, downstream 
segments. In a few cases, tributaries are
classified at lower classifications than mainsteras, 
where flow from tributaries does not threaten the 
quality of mainstem waters and where the evidence 
indicates that lower classification for the
tributaries is appropriate.
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Class 1"There have been no "High Quality 
designations assigned in this basin.

5. The Commission has determined that it has the 
authority to assign the classification "High
Quality Waters - Class 1" and "High Quality Waters 
— Class 2" where the evidence indicates that the 
requirements of Sections 3.1.13(1)(e) of the basic 
regulations are met. The appropriateness of this 
classification has been determined on a
case-by-case basis. Streams have in some cases 
been classified "High Quality - Class 2" for one or 
more of the following reasons:

(a) to facilitate the enjoyment and use of the scenic 
and natural resources of the State in accordance 
with tn«? Legislative Declaration of the Colorado 
Water Quality Control Act (25-8-102(1) C.R.S. 
197).

(b) to pr )vl1e a high degree of protection deserving 
of wi.l lerness areas which are a resource 
provlllrvi • unique experience.

(c) t.ier c»nt»in threatened species or apply to wild 
and •:«n1c river study areas or wilderness areas.

(d) t:»« contra of the DSFS that High Quality 2 
claaalflcatlon will unduly burden their 
maria {«»«nt of multiple use areas is not well 
fouvled. This is because activities on Forest 
Servlc• land, i.e. grazing, mineral exploration, 
trail road maintenance, are considered as a
nl*turl.»l Impact upon existing ambient water 
quality conditions, and are non point sources 
wnlcn are presently not subject to any Water 
Quality Control Commission regulations.

a queation exists as to whether existing 
dlverelon atructures can be maintained consistent 
with a Mlgh Quality - Class 1" designation. 
Becauae of the questions regarding authority to 
regulate diversions, the Class 1 designation was 
deemed potentially too rigid. The Commission 
recognlzea its authority to upgrade these 
segmente If and when it is appropriate to do so.

13



6. In accordance with 25-8-104, C.R.S. 1973, the 
Commission intends that no provision of this 
regulation shall be interpreted so as to supercede, 
abrogate, or impair rights to divert water and 
apply water to beneficial uses.

7. Qualifiers — Seasonal and Intermittent

These qualifiers have been used to more fully 
describe characteristics of certain stream segments.

8. Recreation — Class' 1 and Class 2

In addition to the significant distinction between 
Recreation - Class 1 and Recreation - Class 2 as 
defined In Section 3.1.13(1) of the Basic
Regulations, the difference between the two
class l f. 1: at Ions in terms of water quality standards 
is th* fecal coliform parameter. Recreation - 
Class 1 ;«?nerally has a standard of 200 fecal 
coliform per 100 ml; Recreation - Class 2 
generally hss a standard of 2000 fecal coliform per 
100 ml.

In accorlance with the Colorado Water Quality 
Control Art, the Commission has decided to classify 
as "Recreation - Class 2" those stream segments 
where prlstry contact recreation does not exist and 
cannot be reasonably expected to exist in the 
future, regardless of water quality. The 
Commission h»* decided to classify as "Recreation - 
Class 1* only those stream segments where primary 
contact recreation actually exists, or could 
reasonable be expected to occur. The reasons for 
the application of Recreation Class 2 are as 
follows;

(a) The maintain streams In this region are generally 
unsuitable for primary contact recreation because 
of wtter temperature and stream flows.

(b) Fecil coliform is an indicator organism. Its 
presence does not always indicate the presence of 
pathogens. This depends on the source of the 
fecal coliform. If the source is agricultural 
runoff as opposed to human sewage, there may be 
no health hazard and therefore no significant 
need to reduce the presence of fecal coliform to 
the 200 per 100 ml. level. Also, control of 
nonpoint sources is very difficult.



(c) Treating sewage to meet the 200 per 100 ml. level 
generally means the treatment plant must heavily 
chlorinate its effluent to meet the limitation. 
The presence of chlorine in the effluent can be 
significantly detrimental to aquatic life. 
Post-treatment of effluent to meet the residual 
chlorine standard is expensive and often results 
in the addition of more chemicals which have a 
negative effect on water quality and can be 
detrimental to aquatic life. Therefore, reducing 
the need for chlorine is beneficial to aquatic 
life.

(d) Even where a treatment plant in this region might 
treat its effluent to attain the standard of 200 
per 100 ml., agricultural runoff and irrigation 
return flows below the plant may result in the 
rapid increase of fecal coliform levels. 
Therefore, the benefits of further treatment are 
questionable.

(e) The fecal coliform standard of 2000 per 100 ml.
has been established to provide general public 
health protection. There is no significant 
impact on domestic drinking water treatment 
plants because they provide complete 
disinfection. The standard of 200 per 100 ml. is 
not intended to protect the water supply
classification.

9. Water Supply Classification

The Commission finds that Colorado is a water short 
state and that it is experiencing considerable 
growth which places additional burdens on already
scarce water supplies. These considerations 
mitigate in favor of a conservative approach to 
protecting future water supplies. '.There existing 
water quality is adequate to protect this use, and 
in the absence of dischargers to these segments or 
testimony in opposition to such classification, the 
water supply use has been assigned because it is 
reasonable to expect that it may exist in the
future in such cases. For stream segments that
flow through, or in the vicinity of,



municipalities, this conclusion is further
justified, since there is a reasonable probability 
that the use exists or will exist. Where the water 
supply classification has been opposed, the
Commission has evaluated the evidence on a site 
specific basis,- and in many cases the
classification has been removed.

V. Water Quality Standards — Generally

1. The water quality standards for classified stream 
segments are defined as numeric values for specific 
water quality parameters. These numeric standards 
are adopted as the limits for chemical constituents 
and other parameters necessary to protect 
adequately the classified uses in all stream 

segments.

2. Not all of the parameters listed in the "Tables" 
appended to the Basic Regulations are assigned as 
water quality standards. This complies with 
Section 3.1.7(c) of the Basic Regulations.

Numeric standards have been assigned for the full 
range of parameters to a number of segments where 
little or no data existed specific to the segment. 
In these cases, there was reason to believe that 
the classified uses were in place or could be 
reasonably expected, and that the ambient water 
quality was as good as or better than the numeric 
standards assigned.

3. A numeric standard for the temperature parameter 
has been adopted as a basic standard applicable to 
all waters of the region in the same manner as the 
basic standards in Section 3.1.11 of the Basic 
Regulations.

The standard of a 3° C temperature increase above 

ambient water temperature as defined is generally 
valid based on the data regarding that temperature 
necessary to support an "Aquatic Life - Class 1" 
fishery. The standard takes into account daily and 
seasonal fluctuations; however, it is also 
recognized that the 3°C limitation as defined is
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'only appropriate as a guideline and cannot be 
rigidly applied if the intention is to protect 
aquatic life. In winter, for example, warm water
discharges may be beneficial to aquatic life. It 
is the intention of the Commission in adopting the 
standard to prevent radical temperature changes in 
short periods of time which are detrimental to 
aquatic life.

4. Numeric standards for seventeen organic parameters 
have been adopted as basic standards applicable to 
all waters of the region in the same manner as the 
basic standards in Section 3.1.11 of the Basic 
Regulations. These standards are essential to a
program designed to protect the waters of the State 
regardless of specific use classifications because 
they describe the fundamental conditions that all 
waters must meet to be suitable for any use.

It is the decision of the Commission to adopt these 
standards as basic standards because the presence 
of the organic parameters is not generally
suspected. Also, the values assigned for these
standards are not detectable using routine 
methodology and there is some concern regarding the 
potential for monitoring requirements if the 
standards are placed on specific streams. This 
concern should be alleviated by Section 3.1.14(5) 
of. the Basic Regulations but there is uncertainty 
regarding the interpretation of those numbers by 
other entities. Regardless of these concerns, 
because these constituents are highly toxic, there 
is a need for regulating their presence in State 
waters. Because the Commission has determined that 
they have uniform applicability here, their 
inclusion as basic standards for the region 
accomplishes this purpose.
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5. In many cases, the numeric water quality standards 
are taken from the "Tables" appended to the Basic 
Regulations. These table values are used where 
actual ambient water quality data in a segment 
indicates that • the existing quality is. 
substantially equivalent to, or better than, the 
corresponding table values. This has been done 
because the table values are adequate to protect 
the classified uses.

Consistent with the Basic Regulations, the 
Commission has not assumed that the table values 
have presumptive validity or applicability. This 
accounts for the extensive data in the record on 
ambient water quality. However, the Commission has 
found that the table values are generally 
sufficient to protect the use classifications. 
Therefore, they have been applied in the situations 
outlined in the preceeding paragraph as well as in 
those cases where there is insufficient data in the 
record to justify the establishment of different 
standards. The documentary evidence forming the 
basis for the table values is included in the 
record.

6. In many cases, instream ambient water quality 
• provides the basis for the water quality standards 

(See 7 below). In those cases where the classified 
uses presently exist or have a reasonable potential 
to exist despite the fact that instream data 
reflects ambient conditions of lower water quality 
than the table values, instream values have been 
used. In these cases, the evidence indicates that 
instream values are adequate to protect the uses. 
In those cases where temporary modifications are 
appropriate, instream values are generally 
reflected in the temporary modification and table 
values are reflected in the corresponding water 
quality standard. (Goals are established for the 
appropriate classification affected by the 
parameter).
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Cases in which water quality standards reflect 
these instream values usually involve the metal 
parameters. On many stream segments elevated 
levels of metals are present due to natural or 
unknown causes, • as well as mine seepage from 
inactive or abandoned mines. These sources are 
difficult to identify and impractical or impossible 
to control. The classified aquatic life uses may 
be impacted and/or may have adjusted to the 
condition. In either case, the water quality 
standards are deemed sufficient to protect the uses 
that are present.

7. The Commission rejected the proposal to assign only 
"temporary" standards pending additional data 
collection to verify or modify values assigned. 
Concerned parties concurred that triennial review 
will lead to updating of standards as necessary. 
Furthermore, limited financial resources will be 
focused upon streams with permitted discharges.

8. In those cases where there was no data for a
particular segment, or where the data consists of 
only a few samples for a limited range of
parameters, "table values" were generally 
recommended. Data at the nearest downstream point 
was used to support this conclusion. In some 
cases, where the limited data indicated a problem 
existed, additional data was collected to expand 
the data base. Additionally, where there may not 
be existing data on present stream quality, the 
Commission anticipates that if necessary, 
additional data will be collected prior to a 
hearing required by C.R.S. 1973, 25-8-204(3), as
amended.

19



9. In most cases in establishing standards based on 
instream ambient water quality, a calculation is 
made based upon the mean (average) plus one 
standard deviation (x + s) for all sampling points 
on a particular stream segment. Since a standard 
deviation is not added to the water quality 
standard for purposes of determining the compliance 
with the standard, this is a fair method as applied 
to discharges.

Levels that were determined to be below the 
detectable limits of the sampling methodolgy 
employed were averaged in as zero rather than at 
the detectable limit. This moves the mean down but 
since zero is also used when calculating wasteload 
allocations, this method is not unfair to 
dischargers.

Metals present in water samples may be tied up in 
suspended solids when the water is present in the 
stream. In this form they are not "available" to 
fish and may not be detrimental to aquatic life. 
3ecause the data of record does not distinguish as 
to availability, some deviation from table values, 
as well as the use of x + s, is further justified 
because it is unlikely that the total value in all 
samples analyzed is in available form.

A number of different statistical methodologies 
could have been used where ambient water quality 
data dictates the standards. All of them have both 
advantage^ and disadvantages. It is recognized 
that the x + s methodology also has weaknesses, in 
that the standard may not reflect natural 
conditions in a stream 100 per cent of the time, 
even though the use of x + s already allows for 
some seasonal variability. However the use of this 
methodology is nevertheless justified since it 
provides the most meaningful index of stream 
quality of all methodologies proposed for setting 
stream standards.
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Finally, che fairness and consistency of Che use of 
any methodology in setting standards must turn on 
the manner in which the standards are implemented 
and enforced. It is essential that there be 
consistency between standard setting and the manner 
in which attainment or non-attainment of the 
standards is established based on future stream 
monitoring data. In addition the Division must 
take this methodology into account in writing and 
enforcing discharge permits.

10. No water quality standards are set below detectable 
limits for any parameter, although certain 
parameters may not be detectable at the limit of 
the standards using routine methodology. However, 
it must be noted that stream monitoring, as opposed 
to effluent monitoring, is generally not the 
responsibility of the dischargers but of the 
State. Furthermore, the purpose of the standards 
is to protect the classified uses and some 
inconvenience and expense as to monitoring is 
therefore justifiable.

Section 3.1.15(5) of the Basic Regulations states 
that 'dischargers will not be required to regularly 
monitor for any parameters that are not identified 
by the Division as being of concern". Generally, 
there is no requirement for monitoring unless a 
parameter is in the effluent guidelines for the 
relevant industry, or is deemed to be a problem as 
to a specific discharge.

11. The dissolved oxygen standard is intended to apply
to the epilimnion and metalimnion strata of .lakes 
and reservoirs. Respiration by aerobic
micro-organisms as organic matter is consumed is 
the primary cause of a natural decrease in 
dissolved oxygen and anaerobic conditions in the 
hypoliranion. Therefore, this stratum is exempt 
from the dissolved oxygen standard.
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12. Where numeric standards are established based on 
historic instream water quality data at the level 
of x + s, it is recognized by the Commission that 
measured instream parameter levels might exceed the 
standard approximately 15 percent of the time.

13. It is the Commission's intention that the Division 
implement and enforce all water quality standards 
consistent with the manner in which they have been 
established.

14. Hardness/Alkalinity

Where hardness and alkalinity numbers differed, the 
Commission elected to use alkalinity as the 
controlling parameter, in order to be consistent 
with other river basins and because testimony from 
the Division staff indicated that in most cases 
alkalinity has a greater effect on toxic form of 
metals than does hardness.

VI. Water Quality Standards for Unionized Ammonia

On some Class 2 Warm Water Aquatic Life streams 
containing similar aquatic life communities to 
those found in the plains streams of the South 
Platte & Arkansas Basins, .1 rag/1 ammonia was 
selected as being appropriate to protect such 
aquatic life.

These streams generally contain both lesser numbers 
and types of species than those inhabiting class 1 
streams due to physical habitat characteristics, 
flow or irreversible water quality 
characteristics. The Commission felt that the 
incremental expense to meet a 0.06 mg/1 unionized 
ammonia standard for present or potential 
discharges along these streams cannot be 
justified. Low flow, in these segments is often 
intermittent or highly impacted by diversions.
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Specifically, the Commission has relaxed unionized 
ammonia standards to .1 mg/1 or greater on such 
streams for the following reasons:

1. limited nature of the aquatic life present;

2. limited recreational value of species present;

3. habitat limitations, primarily flow and 
streambed characteristics, that impose 
significant limitations on the nature of 
aquatic life, even if ammonia reductions were 
attained;

4. rapid dissipation of ammonia in streams,
reducing the impact of such discharges
downstream; and

5. economic costs of ammonia removal, especially
where such costs would fall primarily on 
publicly-owned treatment works, and while the
availability of construction grant funds is 
questionable.

6. Biosurveys with support from a bioassay
conducted on fathead minnows performed in the 
Cache la Poudre River, show that a .1 mg/1 
standard is appropriate to protect existing 
biota in that stream. The results of these
studies may be reasonably extrapolated to 
similar plains streams; i.e., those streams 
that demonstrate similar chemical, physical, 
and biological characteristics.

Not all warmwater streams are comparable in terras 
of flow habitat, and types and numbers of species 
of aquatic life. Therefore, some variations in an 
appropriate ammonia standard must be tolerated, 
with the objective of protecting existing aquatic 
life. The Commission found this approach 
preferable to totally removing the aquatic life 
classsification from impacted or marginal aquatic 
life streams.
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VII. Water Quality Standards for Uranium

Given the threat that radioactivity from uranium 
may pose to human health, it is advisable to limit 
uranium concentrations in streams to the maximum 
extent practicable. The Commission has adopted a 
standard of 40 pCi/1 or natural background where 
higher, for the following reasons:

1. 40 pCi/1 generally reflects background 
concentrations of uranium that may be found in 
streams in Colorado and therefore this amount 
approximates routine human exposure.

2. The statistical risk of human health hazards is 
small at 40 pCi/1.

3. 40 pCi/1 is an interim level, established now 
pending the outcome of further studies currently 
underway.

.VIII. Water Quality Standards for Cyanide

The Commission acknowledges that total cyanide is 
to be used in State Discharge permits until a 
method is authorized by EPA for measuring free 
cyanide, even though free cyanide is the parameter 
of concern. While cyanide has received special 
treatment in cases discussed in the segment - by - 
segment section which follows, a free cyanide 
standard based on Table Values has been established 
for most segments.

IX. Linkage of classifications and Standards

The Commission holds that the classifications which 
it adopts and the standards it assigns to them are 
linked. Disapproval by EPA of the standards may 
require reexamination by the Commission of the 
appropriateness of its original classification.
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•The reason for the linkage is that the Commission 
recognizes that there is a wide variability in the 
types of aquatic life in Colorado streams which 
require different levels of protection. Therefore, 
the numbers were chosen in some cases on a site 
specific basis to- protect the species existing in 
that segment. If any reclassification is deemed a 
downgrading, then it will be based upon the grounds 
that the original classification was in error.

X. Economic Reasonableness

The Commission finds that these use classifications 
and water quality standards are economically 
reasonable. The Commission solicited and 
considered evidence of the economic impacts of 
these regulations. This evaluation necessarily 
involved a case-by-case consideration of such 
impacts, and reference is made to the fiscal impact 
statement for this analysis. Generally, a judgment 
was made as to whether the benefits in terms of 
improving water quality justified the costs of 
increased treatment. In the absence of evidence on 
economic impacts for a specific segment, the 
Commission concluded that the regulations impose no 
unreasonable economic burden.

XI. Classifications and Standards - Special Cases

1. Page 1, Segment 2 - San Juan River in Archuleta 
County (proposed as page 1, segment 2)

At issue was the recommendation contained in the 
Regional Water Quality Management "208" Plan that 
flow deficiencies and silt attributable to the San 
Juan - Chama diversion limited use of the segment 
to agriculture. Although both warm and cold water 
species, including trout, were observed in the 
segment, the Commission found from the evidence 
that there was perennial flow sufficient to support 
the aquatic life use proposed.
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In view of controversy in the testimony concerning 
flow, the Commission considered the recommendation 
in the "208 Plan, yet classified the aquatic life 
use as class 1, cold water because other testimony 
indicated that recorded stream flows were ample to 
support aquatic life.

2. Page 2, Segment 8

This segment was incorporated into segment 5 of 
page 1.

3. Page 2, Segment 10

The "208" Plan was relied on by the Commission and 
no other evidence on this segment was presented.

4. Page 3, Segment 3 - Piedra River

The Commission retained the cold water aquatic life 
class 1 classification after finding that although 
one small portion of the segment may be
intermittent, due to diversion, it quickly remakes 
itself and the intermittent portion is very small 
compared with the total length of the segment. The 
Commission also notes that it's decision will have 
no impact on any discharger.

5. Page 4, Segment 2(a) and 2(b) Los Pinos River 
(proposed as page 4, segment 2)

The resegmentation recommended by the Division is 
consistent with segmentation described in the
Regional "208" Plan.

6. Page 6, Segment 2 - Animas and Florida Rivers

This is a large segment, exhibiting many water 
quality variables throughout its length. Although 
there is some evidence of insect life at points in 
the segment, the evidence regarding the presence of 
aquatic life is contradictory, and there is no 
evidence of fish life being present. In the 
absence of sufficient data to support the 
classification of any portion of this segment for 
aquatic life, the current status is being retained 
and no aquatic life use is assigned. The Commision 
expects further information to be developed through 
studies sponsored by the Standard Metals 
Corporation and the Division.
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The Commission declined to assign an agricultural 
classification to the segment due to the absense in 
the record of any evidence of an agricultural use 
in the segment.

7. Page 6, Segment 6

Since Cement Creek and its tributaries are degraded 
by abandoned mine drainage and past discharges, the 
Commission did not assign aquatic and agricultural 
classifications to the segment as had been
proposed. The segment does not currently have an 
aquatic life classification, and thus the status 
quo is maintained. The Commission placed
recreation in the class 2 category as the basic use 
and found no agricultural use to be in place.

8. Page 7, Segment 7

The Woodling Study indicates that Mineral Creek 
from its source to its confluence with South
Mineral Creek is highly toxic due to mineralization 
and there is not a liklihood that the sources of
that toxicity will be corrected in 20 years. 
However the Commission concluded that there was 
likely to be aquatic life in that portion of 
Mineral Creek from below South Fork to Silverton. 
By changing the stream segment description such 
that it covers the mains tem of Mineral Creek
including all tributaries from the source to a 
point immediately above the confluence with South 
Mineral Creek, the Commission was enabled to 
preserve the aquatic life classification on South 
Mineral Creek and the remaining portion of Mineral 
Creek into Silverton.
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9. Page 8, Segment 12(a) and 12(b)
(proposed as page 6, segment 12)

Lemon Reservoir was resegmented as 12(a) for the 
purposes of classifying it Recreation Class 1 in 
recognition of known use appropriate to that 
classification.

10. Page 8, Segment 13(a) and 13(b)
(proposed as page 7, segment 13)

Segment 13 included Junction Creek. The 
Resegmentation was to separate Junction Creek as 
13(a) so that different standards could be assigned 
to it to protect its use as a water supply for a 
fish hatchery. The Commission felt that the
testimony supported: (a) classification of the
stream for cold water aquatic life class 2 because 
of poor habitat and low flow conditions; and (b) 
assignment of numeric standards to protect the fish 
hatchery. The Commission felt that the use was in 
place and that the assignment of these standards 
was economically reasonable. It does not appear 
that discharges from trailer parks into this 
segment adversely impact this use. There was 
insufficient evidence in the record for the 
Commission to conclude that there would be any 
economic impact on such dischargers.

11. Page 8, Segment 15

Testimony was received by the Commission from the 
Purgatory Water and Sanitation District that the 
water supply classification was not applicable 
below the reservoir. The Commission concurred and 
determined that there should be no more than a 
class 2 aquatic life classification’ for this 
segment because of its intermitant flow and poor 
habitat characteristics. It was recommended that 
recreation class 2, agriculture and water supply be 
designated for the protection of the reach above 
the reservoir. Despite opposition to the water 
supply classification by Purgatory Water and 
Sanitation District based upon the absence of such 
use below Duncan Reservoir, the Commission finds 
that the presence of this use at other locations 
justifies the classification. This should not 
impact the District because the numeric standards 
for protection of the use are less stringent than 
those for protection of aquatic life and should be 
met by the discharger without additional treatment 
facilities.
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12.. Page 11, Segment 3 - Dolores River in Dolores County

Even though the regional "208" Plan recommended 
that the segment be classified for a water supply 
use, the Commission received no testimony that 
there was such use in the segment. Because of high 
levels of manganese and the lack of evidence of in 
place water supply use, the Commission did not so 
classify the segment. Anaconda Corporation 
proposed numeric standards for silver and mercury. 
The Division recommended to the Commission that it 
not utilize the Anaconda proposals for those 
constituents because they were based on limited 
data, unusually high values, and questionable 
analytical techniques. It had not been documented 
that the levels of those constituents proposed by 
Anaconda had been routinely found in the stream. 
Due to this lack of certainity with respect to 
these metals values, the Commission did not choose 
to use the Anaconda data on mercury an silver.
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COLORADO DEPARTMENT OF HEALTH 
Water Quality Control Division 
hi 10 E. 11th Avenue 
Denver, CO 80220

FISCAL STATEMENT

Stream Classifications and Water Quality Standards for State 
Waters of the San Juan and Dolores River Basins including all 
tributaries and standing bodies of water south of the northern 
Dolores County line in all or parts of Archuleta, Conejos,
Dolores, Hinsdale, La Plata, Mineral, Montezuma, Rio Grande, 
and San Juan Counties.

I. INTRODUCTION

The Water Quality Control Commission is charged with the responsibility to conserve, 
protect, and improve the quality of state waters pursuant to C.R.S. 1973, 25-8-101 
et seq.

The Commission is further empowered and directed to classify waters of the State and 
to promulgate water quality standards for any measurable characteristic of the water 
in order to protect both the uses in place and those that can be reasonably expected 
in the future. (25-8-203 and 25“8-204) The above-titled document assigns use 
classifications and standards for the state waters in the listed areas in accordance 
with the "basic regulations" adopted May 22, 1979-

The measurable fiscal impacts which may be caused by these regulations are as follows:

Cost of construction due to requirements for increased levels of treatment 
by municipal waste treatment facilities;

Cost of construction due to requirements for increased levels of treatment 
by industrial/commercial waste treatment facilities;

Cost of Operation and Maintenance associated with increased levels of treatment 
required of municipalities;

Cost of instream monitoring and laboratory' analysis for new parameters added 
by the standards.

Dischargers will not be required by the adoption of these regulations to do stream 
monitoring. The state, federal and local agencies now doing instream monitoring will 
have some increased cost; however, any additional frequency should be done to improve 
state surveillance and would be needed regardless of standard changes.
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Water Quality Control Division
Fiscal Impact Statement - San Juan and Dolores River Basins
Page 2

The stream classifications and standards adopted by the Commission will protect the 
water uses primarily through control of point source pollution. Non-point source 
pollution will be controlled primarily through management practices which are in 
existence or which will be implemented in the future. Future management practices 
need careful consideration and may be the result of 208 area-wide wastewater man
agement plans developed by regional planning agencies and being updated annually.
These plans involve local governments with general assistance from state government.
Some of the possible non-point source pollution may be controlled through "Control 
Regulations" yet to be promulgated by the Commission. These types of controls 
could involve runoff from construction, mining activites, and urban areas. It is 
not certain what controls are needed at this time and there is no way that possible 
costs can be identified at this time.

Persons who benefit from standards which will protect existing and future anticipated 
uses can be identified as all persons benefiting from recreation, municipal water 
supply, and agriculture. These benefits are directly economic for agriculture, indus
try, and municipalities whose health benefit costs are reduced by having clean water, 
and are both economic and non-quantifiable for some uses such as fishing, recreation, 
and the aesthetic value of clean waters. Furthermore, benefits will result from human 
health protection and lack of debilitating disease. Figures have been developed for a 
recreation/fishing day which can be applied to that aspect of a water use; however, 
figures which have been developed for total recreation/fishing day uses have been 
developed statewide and could not be applied region-by-region or stream-by-stream.

The uses of water in this region are adequately protected by these standards. Most 
municipal treatment facilities and industrial facilities are currently adequate, or 
are already being upgraded, in order to meet previous requirements. Any additonal 
facilities or expansions in this reqion will generally be caused by increased capacity 
required because of population qrowths or industrial enlargement. Industries are 
required by federal statute to ->eei effluent limitations described as "Best Available 
Technology Economically Achie.able" (BATEA) by 1933 or 19^4. For most major industries 
in this region, the water quality standards should not require treatment beyond these 
1imitations.

The fiscal impact of any regulatory decision must take into account only the incremental 
costs explicitly associated with the regulations as finally promulgated. Costs and 
expenditures associated with t*e status quo, regulations of other regulatory agencies, 
or regulations already In effect should not be included in an assessment of the fiscal 
impact of the San Juan and Dolores River Basins classifications.

In addition, a distinction must be made between actual expenditures or dislocations that 
will be immediately or unavoidably necessary upon promulgation of these classifications 
and standards, and those costs which are speculative in nature. In keeping with 
concepts of 'Expected Value', It Is proper for the Commission to place more emphasis 
on definite impacts.
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Water Quality Control Division
Fiscal Impact Statement - San Juan and Dolores River Basins
Page 3

V/i th the passage in 1981 of Senate Bill 10, amending the Colorado Water Quality 
Control Act, it became incumbent upon the Water Quality Control Commission to 
consider the economic impact of their decisions with more emphasis placed upon 
the concept of the "Economic Reasonableness". Supplementary hearings were held 
by the Commission on the San Juan and Dolores River Basins to consider the new 
provisions of the Act. Charged with such a mandate, the Commission was quite 
sensitive to the objective of minimizing the socio-economic "price" of clean 
water while adhering to the anti-degradation policy that water quality be preserved 
and protected in all cases, and improved wherever feasible.

The analysis and data which follow are derived primarily from testimony and 
exhibits offered by interested parties during the course of the rulemaking 
hearings. This was supplemented by staff assessments of potential impacts upon 
other major entities who were not formally represented. The impacts are separately 
presented for the public and private sectors. No attempt has been made to identify 
future development costs as this type of data is not readily available and estima
tion techniques are dependent upon many highly subjective assumptions.

I I. FISCAL IMPACT: PUBLIC SCCTOR

The primary fiscal impact upon t r%e public sector in these basins involves the 
potential for increased domestic wastewater treatment costs associated with the 
stream classifications and water quality standards. Other costs, such as tax and 
employment base impacts due to forqone industrial development opportunities or 
mitigated growth potentials, can t>e theoretically postulated but are difficult 
to quantify. Generally, it is recoonized that higher tap fees, service charges 
or property taxes associated wit* increased treatment costs'can potentially affect 
industrial and residential siting decisions. While the Commission acknowledges 
the existence of such potentials, t*e lack of firm evidence and actual tax base 
impact estimates make deliberative assessment impractical.

In these basins the Commission acknowledged five municipalities that could be 
potentially impacted: Duranqo. forest Lake, Bayfield, Ignacio, and the Purgatoire 
Water and Sanitation District. in each case, the ammonia standard was the controlling 
factor. Additional data led to the conclusion that Durango should not need to go 
beyond secondary treatment.

Low flow in the Pinos River and/or increased treatment flows could cause an ammonia 
impact upon Forest Lake, Bayfield and Ignacio. Currently, secondary treatment 
is all that is required of these 'Municipalities under existing permits. None 
of these entities presented testimony that indicated an immediate or impending 
impact due to ammonia requirements so the actual fiscal impact, if any, cannot be 
properly assessed.
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Water Quality Control Commission
Fiscal Impact Statement - San Juan and Dolores River Basins
Page 4

The Purgatoire Water and Sanitation District presented testimony indicating 
the necessity of tertiary treatment (AWT) at a cost of $480,000 if the stream 
were classified as proposed with an Aquatic Class One designation. This 
designation was not adopted so it is believed that Purgatoire will not incur a 
cost as a result of these classifications and standards.

III. FISCAL IMPACT: PRIVATE SECTOR

Several entities presented testimony regarding water rights issues but there 
was no firm evidence indicating any specific water rights impacts and no cost 
estimates were provided. These basins have a sparse industrial/commercia 1 
density and it is believed that these regulations will have a minimal impact 

upon the private sector.

While metals standards could impose an impact upon unidentified entities, it 
is impossible to identify who they might be and to what extent they might be 
impacted. In any event, any active operation is already covered by permit and, 
in lieu of specific testimony, it must be assumed that no recognizable impacts 
will result from these classifications and standards.

In recognition of the benefits to be derived from protecting aquatic life and 
public water supply and that no immediate fiscal impacts will result from this 
regulation, it is concluded that the Commission acted in an economically respon- 
sible and reasonable manner.
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PARTIES TO THE SAN JUAN RIVER AND DOLORES 
RIVER BASINS

1. Anaconda Copper Company

2. Purgatory Water and Sanitation District

3. Climax Molybdenum

4. Pagosa Area Water and Sanitation District

5. Golf Host West, Inc.

6.. Eaton International Corp.

7. City of Durango

8. Trout Unlimited

9. Daniel McCarthy

10. Chevron Resources, Inc.
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STATEMENT OF BASIS AND PURPOSE REGARDING THE ADOPTION OF NON-SUBSTANTIVE 
CORRECTIONS TO THE CLASSIFICATIONS AND NUMERIC STANDARDS FOR THE ARKANSAS, 
SAN JUAN AND DOLORES, RIO GRANDE AND SOUTH PLATTE RIVER BASINS.

In accordance with the requirements of 24-4-103(4), C.R.S. 1973, the 
Commission makes these findings and adopts this Statement of Basis 

and Purpose.

The Commission at a public rulemaking hearing November 8, 1982, adopted 
clerical and editorial corrections to the Commission's current regulations 
numbered respectively 3.2.0, 3.4.0, 3.6.0, and 3.8.0. These regulations 
are contained in Article 3, Water Quality Standards, of the Policies, 
Regulations, and Guidelines of the Water Qualify Control Commission.

(5CCR 1002-8)

In adopting these corrections the Commission considered the economic 
reasonableness of its action, except as specified the corrections in 
no way change the classifications and numeric standards originally adopted 
by the Commission. Other than written comment from the City of Westminster 

no testimony was offered at the public hearing.

The consolidated changes adopted by the Commission are included in this 
Basis and Purpose for information. The Secretary of State was provided 
corrected pages for each of the regulations as replacements for the 

regulations previously published.

Dated this 8th day of November, 1982 at Denver, Colorado.
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FISCAL STATEMENT

Regarding The Adoption of Non-Substantive Corrections To The Classifications 
And Numeric Standards For The Arkansas, San Juan and Dolores, Rio Grande and 
South Platte River Basins.

The Water Quality Control Commission found that clerical and editorial 
corrections to the Commission's current regulations numbered respectively 
3.2.0, 3.4.0, 3.6.0, and 3.8.0 have no fiscal impact.

Dated this 8th day of November, 1982 at Denver, Colorado.
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3.4.9 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY, AND PURPOSE:

The provisions of 25-8-202(1)(a)(b) and (2); and 25-8-204 C.R.S. provide 

the specific statutory authority for the numeric"standards that were 

adopted.

The Commission also adopted in compliance with 24—4—103(4) C.R.S. the 

following statements of basis and purpose and fiscal impact.

BASIS AND PURPOSE - SAN JUAN AND DOLORES RIVER BASINS

The basis and purpose for the changes by segment is as follows:

- This segment contains the lakes listed 

for inclusion in the proposed Segment 
7. In order to separate these lakes 
from this segment, the description must 

be changed.

- The lakes listed are all fisheries and 

a majority of them are used for sport 
fishing. Their present inclusion in 
Segment 6 does not represent their 
actual use, i.e., Class 1 Aquatic Life, 
or provide standards to protect this 
use. The Commission has classified all 

reservoirs in Segment 7 as Warm Water 
Class 1 instead of Cold Water Class 1 

on tne basis that: 1) all reservoirs 
are already heavily managed, including 
aeration; 2) trout have been introduced 

into the reservoirs and do not occur 
naturally; and 3) at least temperature 
excursions above that require for cold 

water classification occur.

The Commission notes that the data base 

supporting this change in 
classification to warm water Class 1 is 

not extensive and further water quality 
monitoring is encouraged.

Segment 15, Animas River - Studies conducted by the Water Quality
Control Division indicate that both 

Goulding Creek and Nary Draw are 
intermittent streams more appropriately 
classified under Segment 15 than under 
Segment 12a. The change in the 
description of Segment 15 will 
accomplish this and provide adequate 
protection of the uses.

Segment 6, Piedra River

Segment 7, Piedra River

Adopted: December 6, 1985
Effective: January 30, 1986
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Segment 8, La Plata River, 

Mancos River, McElmo Creek, 
and San Juan River

Change in basin description at' 
top of pages y and 10 of the 
Tables

The change in description to include 
Dolores County will include those 
streams which are unclassified under 
the existing description.

Change is needed to accurately reflect 
the streams included in this section 
with the change in description of 
Segment 8.

FISCAL IMPACT STATEMENT - SAN JUAN AND DOLORES RIVER BASINS

As these changes are in response to an increasing body of knowledge 

concerning accurate classifications of uses and the standards 
necessary to maintain those uses, they are not economically driven. 
The only discharger In the basins, Pagosa Area Water & Sanitation 
District, is moving their discharge from Pagosa Lakes and will not be 
adversely harmed by these standards. Recognition of higher 
classifications and inclusion of new classifications are benefits in 

light of the goals of the Water Quality Control Act and these 
regulations will serve to maintain and enhance those uses.
Recognition of intermittent streams and subsequent Class 2 
designations will have the potential of decreased treatment costs If 
development occurs near them In the future. As no adverse economic 
impact is anticipated by these regulations, and because they more 
accurately protect existing and potential beneficial uses, the 
Commission regards these changes as economically reasonable.

Adopted: December 6, 1985
Effective: January 30, 1986
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Amended April 7, 1986 Effective May 30, 1986
Segment 3 of the Dolores River

3.4.10 BASIS AND PURPOSE:

At the triennial review of the San Juan and 
Dolores River Basins in May, 1985, the Water 
Quality Control Division pointed out that the 
Division had recently (April, 1985) granted 
a variance to'the limitation for cadmium in 
Anaconda Company’s Rizo Mine discharge permit.
The underlying stream concentration which was 
used to support the variance was 0.002 mg/1, 

and was based upon an x + s calculation of 
fifteen cadmium data points above the St.
Louis ponds discharge collected in 1981.
The rationale for the variance anticipated 

the establishment of a revised cadmium standard 
through the established standards setting 

procedure of the Water Quality Control Commission, 

and noted that subsequent to that procedure, an 
amended discharge limitation in Anaconda's 

discharge permit would be written.

This amendment initiates the standards setting 
process envisioned when the cadmium variance 

was granted to Anaconda with the expectation 
* that the variance will expire upon adoption 

of a new standard.

The revision of the cadmium standard from 0.0004 
mg/1 to 0.0012 mg/1 is based upon a review of data 
supplied by Anaconda at stations D2 and D3 above 
the discharge point on the Dolores River. Con
sideration was also given to the existing table 
value for cadmium at the ambient hardness levels 
in the river, and the draft position on cadmium 
is being considered by the Basic Standards Task 

Force.
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Amended April 7, 1986 Effective May 30, 1986
Segment 3 of the Dolores River

FISCAL IMPACT STATEMENT:

The costs of attaining a cadmium stream standard 
fall to the Anaconda Company at the present time 
since they are the sole point source discharger 
to the segment. A new treatment system was 
installed at the St. Louis pond site in February, 
1984, and appears capable of producing an effluent 
of high enough quality to protect the stream 
standard during all flow seasons.

Other sources of cadmium enter the segment 
below Anaconda's discharge and account for 
a greater portion of mass loading to the 
segment than the permitted discharge. These 
sources are all' classed as nonpoint and include 
mineralized groundwater, drainage from abandoned 
mines, and runoff through tailings. It is con
ceivable that costs for cadmium loading reduction 
could accrue to owners of these sources at such 
time that a nonpoint source control program were 
implemented. The necessary investment to meet 
the proposed standard has already been made by 
Anaconda and that portion of the costs attributable 
to cadmium removal cannot be measured since all 
metals will be reduced by the method of treatment 
used.

Benefits to attaining the amended standard accrue 
to all users of the stream and also to Anaconda in 
the form of relaxed discharge limitations over those 
based on the- 0.0004 mg/1 standard. The amended 
standard should protect the uses of the stream 
as fully as possible since it is no less stringent 
than the upstream ambient quality and is compatible 
with the elevated hardness levels found in the river 

at low flows.



3.4.11 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY, AND PURPOSE;
AUGUST, 1989 HEARING ON MULTIPLE SEGMENTS

The provisions of 25-8-202(l)(a), (b) and (2); 25-8-203; 25-8-204; 25-8-207 
and 25-8-402 C.R.S. provide the specific statutory authority for adoption of 

these regulatory amendments. The Commission also adopted, in compliance with 
24-4-103(4), C.R.S., the following statement of basis and purpose.

BASIS AND PURPOSE:

First, the Commission has adopted new introductory language for the tables, in 
section 3.4.6(2). The purpose of this language is to explain the new 
references to "table value standards” (TVS) that are contained in the Tables. 

The other changes considered and adopted are addressed below.

A. Jurisdiction on Tribal Lands

On the issue of classifying and setting standards on tribal lands, the 
Commission was advised to classify and set standards as they would for waters 
on non-tribal lands with the understanding that the Commission is not 
attempting to assert Jurisdiction or to usurp the authority of the tribe to 
classify and set standards for waters within the boundaries of the reservation.

B. Table Value Standards for Metals

San Juan, Segment 7; Los Pinos, Segment 4; Animas, Segment 5; 
Dolores, Segments 5 and 7.

Numerical standards for metals for these segments have in most instances 
previously been based on table values contained in Table III of the Basic 
Standards and Methodologies for Surface Water. Table III has been 
substantially revised, effective September 30, 1988. A few of these segments 
had no new data to indicate that new table value standards are not 
appropriate. There are also same of these segments whose previous standards 
were based in part on ambient quality, since their quality did not meet old 
table values based on alkalinity ranges. However, these segments generally 
have much higher hardness thaa alkalinity, and the new table values (based on 
hardness-dependent equations) are now appropriate as standards.

C. New High Quality 2 Designations

San Juan, Segments 1, 3, and 9; Piedra, Segments 3 and 5; Los Pinos, 
Segment 2a; Animas, Segments 8a, 10, 11, 12a, 12b, and 14; La Plata, 
Segments 1 and 4; Dolores, Segments 4 and 10.

From the information available, it appears that the existing quality of these 
segments meets or exceeds the quality specified by the revised criteria in 
Table III, and new acute and chronic table value standards based thereon have 
therefore been adopted.
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Recreation - Class 1

Cold Water Aquatic Life - Class 1

Water Supply

Agriculture

D. Existing High Quality 2 Segments; New Classifications and Standards

San Juan, Segment 4; Piedra, Segments 1 and 2; Los Pinos, Segment 1; 
Animas and Florida, Segment 1; Dolores, Segment 1.

These segments were alrealy described as High Quality Class 2, as all are 
wilderness and wild and scenic rivers. Available information Indicates that 
the parallel new High Quality 2 designation continues to be appropriate for 
each, along with new table value numeric standards and equations for cold 
water aquatic life classifications, i.e., acute (trout) for cadmium and zinc 

and chronic (trout) for silver.

The following use classifications, and associated table value standards, have 

been adopted for these segments:

Recreation - Class 1

Cold Water Aquatic Life - Class 1

Water Supply

Agriculture

E. New Use-Protected Designations; No Change in Numeric Standards

San Juan, Segments 1, 10, and 11; Piedra, Segment 6; Los Pinos, 
Segment 6; Animas and Florida, Segments 3, 4, 9, 13b, and 15; La 
Plata, Mancos, He Elmo, and San Juan, Segments 2, 3, 5, 6, 7, and 8; 
Dolores, Segments 9 and 11.

These segments all qualify for a Use-Protected designation based either on 
their present classifications or the existing standards contain three or more 
of the following metals parameters whose concentrations, based on total 
recoverable metals, indicate they may be worse than that specified in Table 
III for the protection of aquatic life class 1 use: cadmium, copper, iron, 

lead, or zinc.

Second, in addition to these standards changes, the use classifications have
been revised where necessary so that each of these segments has the following

classifications:
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F. New Use-Protected Designation; Table Value Standards

Piedrr.. Segment 7; Animas and Florida, Segment 13a.

These segments qualify for a Use-Protected designation based upon their 
classification. Previous standards were based on table values and no new data 
was presented to indicate new table value standards are not appropriate.

For these segments, acute and chronic table value standards have been adopted 

for arsenic, cadmium, chromium (III and IV), copper, iron, lead, manganese, 

mercury, nickel, selenium, silver, and zinc.

G. Revised Recreation Classification

San Juan, Segments 2 and 6; Piedra, Segment 4; Los Pinos, Segment 2b; 

La Plata, Segment 9

The recreation classification on these segments has been upgraded from Class 2 
to Class 1 (whole body immersion is likely) because the stream sampling data 
indicate that the fecal coliform standard 200/100 ml is not being exceeded, 

and conditions are normally considered suitable for swimming or intentional 
whole body contact. This action was taken in response to a concern raised by 
the EPA regarding segments not attaining "fishable/swimmable" uses.

H. Other Revisions

1. Los Pinos, Segments 3 and 5.

Based on stream sampling data for Segment 3, table value standards were 
established as were ambient standards for cadmium and lead. For Segment 5, 
ambient standards for cadmium and lead were added; table value standards were 

added for the remaining metals.

2. San Juan, Segment 9 (Four Corners Area)

Table Value Standards for metals have been adopted for this segment with the 
exception of total recoverable iron whose 50 percentile value is 2200 ug/1.

In addition, the recreation classification has been changed from Class 2 to 
Class 1 with a fecal coliform standard of 200/100 ml.

0486m/0025m/ 
10/89 Rev.
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PARTY STATUS LIST 
OF

PUBLIC RULEMAKING HEARING 
AUGUST 7, 1989

For consideration of adoption of amendments to the regulations for the San Juan River Basin, 3.4.0 (5 CCR 1002-8)

NAME REPRESENTED BY MAILING ADDRESS TELEPHONE

1. The Southwestern Water Richard L. Sisk
Conservation District, "District"

2. The San Juan Count/ William C. Robb
Mining Venture

3. The Pagosa Area Water and James P. Collins
Sanitation District, "District"

Timothy J. Beaton

Maynes, Bradford & Shipps 303-247-1755

P.0. Box 2717
1060 Main Avenue, Suite 103 
Durango, Colorado 81302-2717

Welborn, Dufford, Brown & 303-861-8013

Tooley, P.C.
Suite 1700
1700 Broadway ^
Denver, Colorado 80290-1701 "'**

Collins & Cockrel, P.C. 303-986-1551
390 Union Blvd.
Lakewood, Colorado 80228

1507 Pine Street 303-447-0028

Boulder, Colorado 80302

0332m/0023in



3.4.12 STATEMENT OF BASIS. SPECIFIC STATUTORY AUTHORITY, AND PURPOSE;
FEBRUARY. 1990 EMERGENCY RULEMAKING HEARING

The provisions of 25-8-208 and 25-8-402 (5) C.R.S. provide the specific 

statutory authority for action on these regulatory amendments

BASIS AND PURPOSE:

The Commission held this emergency rulemaking hearing to readopt the 

classifications and numeric standards for the San Juan River and Dolores River 

Basins to correct errors in the original filing. The affected regulation was 

amended on November 7, 1989 and was filed within the required timeframes with 

the Secretary of State's Office and the Office of Legislative Legal Services. 

The Commission learned shortly after the filings that three (3) pages had been 

inadvertently left out of the regulation, and that a typographical error 

appeared throughout the classification and standards tables that are part of 

the regulation. The Commission office was able to correct the errors with a 

replacement filing with the Secretary of State's Office so that the regulation 

published in the CCR (Colorado Code of Regulation) correctly reflects the 

Commission's actions.

The Office of Legislative Legal Services notified the Commission that it could 

not accept the corrected materials as they had not been submitted within the 

20 day timeframe called for in section 24-4-103 (8) (d), C.R.S. of the "State 

Administrative Procedure Act". It was suggested that the Commission needed to 

repromulgate the rules that contained the errors submitted in November, 1989 

and resubmit them.

The Commission elected to proceed on an emergency rulemaking basis to avoid 

any confusion that could result due to the fact that the two filings are 

currently not the same. Therefore, the Commission adopted the corrected 

version of the regulation at an emergency rulemaking hearing on February 6, 

1990. Final action on the readoption is scheduled for June 5, 1990.

1776m/0184m/cmc
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The provisions of 25-8-202{1)(a), (b) and (2); 25-8-203; 25-8-204; 25-8-207

and 25-8-402 C.R.S. provide the specific statutory authority for action on 

these regulatory amendments.

BASIS AND PURPOSE;

3.4.12 STATEMENT OF BASIS. SPECIFIC STATUTORY AUTHORITY, AND PURPOSE;
JUNE. 1990 RULEMAKING HEARING

The Commission held this rulemaking hearing to make permanant the emergency 

hearing that was held in February, 1990 to readopt the classifications and 

numeric standards for the San Juan River and Dolores River Basins to correct 

errors in the original filing. The affected regulation was amended on 

November 7, 1989 and was filed within the required timeframes with the 

Secretary of State's Office and the Office of Legislative Legal Services. The 

Commission learned shortly after the filings that three (3) pages had been 

inadvertently left out of the regulation, and that a typographical error 

appeared throughout the classification and standards tables that are part of 

the regulation. The Commission office was able to correct the errors with a 

replacement filing with the Secretary of State's Office so that the regulation 

published in the CCR (Colorado Code of Regulation) correctly reflects the 

Commission's actions.

The Office of Legislative Legal Services notified the Commission that it could 

not accept the corrected materials as they had not been submitted within the 

20 day timeframe called for in section 24-4-103 (8) (d), C.R.S. of the "State 

Administrative Procedure Act". It was suggested that the Commission needed to 

repromulgate the rules that contained the errors submitted in November, 1989 

and resubmit them.

The Commission elected to proceed on an emergency rulemaking basis to avoid 

any confusion that could result due to the fact that the two filings are 

currently not the same. Therefore, the Commission adopted the corrected 

version of the regulation at an emergency rulemaking hearing on February 6, 

1990.

1776m/0184m/cmc
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3.4.13 STATEMENT OF BASIS. SPECIFIC STATUTORY AUTHORITY AND PURPOSE: MARCH 1. 1993

HEARING:

The provisions of 25-8-202(1)(a), (b) and (2); 25-8-203; 25-8-204; and 25-8-402 C.R.S. provide the specific 
statutory authority for adoption of these regulatory amendments. The Commission also adopted in 
compliance with 24-4-103(4), C.R.S., the following statement of basis and purpose.

BASIS AND PURPOSE:

The changes to the designation column eliminating the old High Quality 1 and 2 (HQ1, HQ2) designations, 
and replacing HQ1 with Outstanding Waters (OW) designation were made to reflect the new mandates of 
section 25-8-209 of the Colorado Water Quality Act which was amended by HB 92-1200. The Commission 
believes that the Immediate adoption of these changes and the proposals contained in the hearing notice 
is preferable to the alternative of waiting to adopt them in the individual basin hearings over the next three 
years. Adoption now should remove any potential for misinterpretation of the classifications and standards 
in the interim.

In addition, the Commission made the following minor revisions to all basin segments to conform them to 
the most recent regulatory changes:

1. The glossary of abbreviations and symbols were out of date and have been replaced by an updated 
version In section 3.4.6(2).

2. The organic standards in the Basic Standards were amended in October, 1991, which was 
subsequent to the basin hearings. The existing table was based on pre-1991 organic standards and 
are out of date and no longer relevant. Deleting the existing table and referencing the Basic 
Standards will eliminate any confusion as to which standards are applicable.

3. The table value for ammonia and zinc in the Basic Standards was revised in October! 1991. The 
change to the latest table value will bring a consistency between the tables in the basin standards 
and Basic Standards.

4. The addition of acute un-ionized ammonia is meant to bring a consistency with all other standards 
that have both the acute and chronic values listed. The change in the chlorine standard is based 
on the adoption of new acute and chronic chlorine criteria in the Basic Standards in October, 1991.

Finally, the Commission confirms that in no case will any of the minor update changes described above 
change or override any segment-specific water quality standards.
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3.4.14 3HJ3HMSTATI 
PURPOSE.

r OF BASIS. SPECIFIC STATUTORY AUTHORITY AND 
SEPTEMBER 7. 1993;

The provisions of 25-8-202(1)(a), (b) and (2); 25-8-203; 25-8-
204; and 25-8-402 C.R.S. provide the specific statutory authority 
for adoption of these regulatory amendments. The Commission also 
adopted in compliance with 24-4-103(4), C.R.S., the following 
statement of basis and purpose.

BASIS AND PURPOSE:
«

On November 30, 1991, revisions to "The Basic Standards and 
Methodologies for Surface Water",. 3.1.0 ( 5 CCR 1002-8), became 
effective. As part of the revisions, the averaging period for 
the selenium criterion to be applied as a standard to a drinking 
water supply classification was changed from a 1-day to a 30-day 
duration. The site-specific standards for selenium on drinking 
water supply segments were to be changed at the time of 
rulemaking for the particular basin. Only one river basin, the 
South Platte, has gone through basin-wide rulemaking since these 
revisions to the "Basic Standards". Through an oversight, the 
selenium standards was not addressed in the rulemaking for this 
basin and has since become an issue in a wasteload allocation . 
being developed for segments 15 and 16 of the South Platte. 
Agreement on the wasteloads for selenium is dependent upon a 30- 
day averaging period for selenium limits in the effected parties 
permits. Therefore, the parties requested that a rulemaking 
hearing be held for the South Platte Basin to address changing 
the designation of the 10 ug/1 selenium standard on all water 
supply segments from a 1-day to a 30-day standard. The Water 
Quality Control Division, foreseeing the possibility of a 
selenium issue arising elsewhere in the state, made a counter 
proposal to have one hearing to change the designation for the 
selenium standard on all water supply segments statewide. The 
Commission and the parties concerned with South Platte segments 
15 and 16 agreed that this would be the most judicious way to 
address the issue.

The change in the averaging period may cause a slight increase in 
selenium loads to those segments which have CPDS permits 
regulating selenium on the basis of a water supply standard. 
However, these segments are only five in number and the use will 
still be fully protected on the basis that the selenium criterion 
is based on 1975 national interim primary drinking water 
regulations which assumed selenium to be a potential carcinogen. 
It has since been categorized as a non-carcinogen and new 
national primary drinking water regulations were promulgated in 
1991 that raised the standard to 50 ug/1.

The Commission also corrected a type error in the TVS for Silver 
by changing the sign on the exponent for the chronic standard for 
Trout from + 10.51 to - 10.51.
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DESCRIPTION OE THE RICO

Ity Whitman CroHX’nud ILL. Kansomo.

GEOGRAPHY AND GENERAL GEOLOGY OE

Uy Whitman Cross. •

INTRODUCTION.

Tim Rico quadrangle is shunted in southwestern 
Colorado, about £0 miles west of the Continental 
Divide, in the 7.0110 bordering the San Juan Moun
tains, almost at the head of the Dolores River. It 
is bounded by meridians 103° and 10S° lo west 
longitude and parallels 37° 30’and 37° do'north 
latitude, embracing about 236 square miles.

gexi-uai. kf.lations of tuk quamtANGLK.

Relations tv the plateau country.—Ttic Rico 
quadrangle lies in the north-south zone that 
marks the eastern bowler of a very notable pla
teau surface which covers the greater pari of the 
area between the Colorado River in Utah and the 
San Juan Mountains of Colorado. Relow the 
gently undulating surface of this plateau many 
canyons have been ntrvcd by streams, one of the 
principal gorges being that of the Dolores River. 
Entering its canyon valley within the Rico quad
rangle this stream flows with irregular course for 
about IS miles in a sou til westerly direction ami 
then swings to a general north-northwest trend, 
which it maintains for over 100 miles to the 
Grand River.

The larger part of the plateau surface lying 
between the Dolores and Colorado rivers is called 
the Great Sage Plain, while its direct continuation 
eastward and toward the head of the Dolores is 
named the Dolores Plateau.

This broad plain surface is due chiefly to a 
heavy sandstone, the Dakota (Cretaceous), and its 
undulations arc in part structural, in harmony 
with the slightly varying dips of the sandstone, 
ami in part owing to remnants of (lie soft, thick 
shale formation normally overlying the sandstone. 
The Great Sage Plain of Utah has a general eleva
tion of GOOO to 7000 feet above the sen. Eastward 
the Dolores Plateau gradually rises with the dip of 
the sandstone until, on the western border of the 
Rico quadrangle, it has an altitude of over 9000 
feet. Jlcyoml that line it rises more rapidly as the 
Dakota sandstone and other,formations take part 
in the local structures of (he Rico and ]>a Plata 
Mountains, to bo described in detail.

Delations to the San Juan Afountains.—The 
southwestern front of the volcanic San Juan 
Mountains lies G to 8 miles northeast of the Rico 
quadrangle. The intervening space is character
ized by irregular foothill toj»ogrnphy, with features 
duo in part to the upturning and erosion of various 
sedimentary formations about the ancient Jjnn Juan 
center of uplift and in part to large masses of intru
sive igneous rocks. Those intrusions arc similar 
in character to those of the Rico Mountains.

No surface volcanic rocks of the San Juan suc
cession occur in the Rico quadrangle. It is prob
able, however, that the San Juan volcauics once 
extended over this area and have been removed hv 
erosion. In support of this idea may be inemioned 
the tact that, only a few miles north of die Rico 
area, un the south slopes of the San Miguel Moun
tains, a lino of high junks which arc geologically 
as well as topographically western outliers of the 
San Juan. Moiinfains. iviMiumtc of lb" lun-tvr.Mtnl

Features of the Rico Mountains.—The small 
group of.mountains in the northeastern section of 
the quadrangle is in largo degree a local center of 
uplift which is ajqiarently independent of igneous 
intrusion; but it is also to an important extent 
characterized by many injected latvolilhic masses. 
The intrusive rocks are of kinds common in the 
so-onllcd laccoiithic mountain group? of the pla
teau country, embracing the La Plata, El Late. 
Cariiso, Ahstjo, La &il, and Henry mountains, 
most of which are plainly visible from the Rico 
summits. This character of the Rico •group was 
not recognized during the Hayden Survey.

The sedimentary section.—In general the sec
tion of sedimentary formations exposed in the 
valley of the Dolores River is that normal to 
the zone uhout the San Juan .Mountains. It is, 
for example, like that shown in the adjoining 
Tclluride quadrangle by the erosion of the San 
Miguel River, and extends from the Mancos 
(Cretaceous) shales down into the Carboniferous 
red beds. Rut in consequence of Lhc Rico uplift 
and ils bisection by the Dolores the lower- Paleo
zoic formations are shown locally, and even cer
tain quartzites of die A Igonkinn. Tiic formations 
thus revealed in the Dolores Valley hove the gen
eral character of the complete section more per
fectly exposed in the Animas Valley, about 12 
miles to the cast The Mesozoic formations arc 
the same that characterize the canyons of* the 
plateau country to the west, but it is known 
that most of those formations exhibit progres
sive ciianges as distance from the Colorado moun
tain area increases. These changes have not yet 
been.examined in detail.

GEOGRAPHY AND TOPOGRAPHY OF THE QUAD- 

‘ H ANGLE.

The Rico quadrangle presents three especially 
prominent types of topograjihic forms, cadi dom
inating a considerable part of the area. These not
able features are (1) the Dolores Plateau, (2) the 
Rico Mountains, and (3) the Dolores Valley, with 
its many lateral branches.

The Dolores Plateau.—The western half of the 
Rico quadrangle belongs to the Dolores Plateau. 
A glance at the topographic map shows that 
between the Dolores River and .Stoner Creek tl:cv« 
is a gently inclined mesa crossed by the western 
meridian of the quadrangle at an elevation of 
about 9100 feet. The flat crest of the narrow 
ridge between Stoner Creek and the West Dolores 
is clearly a remnant of the same plateau level and 
on the northern line of the quadrangle it appears 
again. ^

South of the Dolornt the same notable mesa 
feature may be recognized. The actual extent of 
the mesa surface in the quadrangle may be most 
clearly appreciated by an examination of the geo
logical map, where its outline is shown by means 
of the mapping of the distribution of the Dakota 
sandstone, its floor. The mesa remnants arc 
bounded by distinct scarps funned by the sandstone.

The plateau feature gradually disappears as its 
Kindstonc floor comes under the influence of the 
U-..I d.».... I Mj.KfY- ,,r lim I!U. T .. !»!..♦..
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canyuiis have Ihvii i-urvvd l*v sltvams, um; \*t the Tellnridi* quadrangle by the erosion of the San 
principal purges being time of the 1 >.dorrs River.
Entering its canyon valley within ihuKieo quad
rangle this stream flows with irregular course for 
alnmt IS miles in :t south fteslerly direction and 
then swings to n genera! nurth-iiort.liwesL trend, 
which it maintains for over 100 miles to the 
Grand River.

Tlio larger part of the plateau suifaeo lying 
between the Dolores ami Colorado rivers is called 
the Great Sage Plain, while its direct continuation 
eastward and toward the head of the Dolores is 
named the Dolores Pkitrciti.

This brand plain surface is due chiefly to n 
heavy sandstone, the Dakota (Cretaceous), and its 
undulations are in part structural, in harmony 
with the slightly varying dips of the sandstone, 
and in part owing to remnants of the soft, thick 
ghftlc formation normally overlying the sandstone.
The Great Sage Plain of Utah has a general eleva
tion of 0000 lo 7000 feci above the sea. Eastward 
the Dolores Plateau gradually rises with the dip of 
the sandstone until, on the western border of the 
Rico quadrangle, it has an altitude of over 0000 
feet Jic.yond that line it rises more rapidly ns the 
Dakota sandstone and other, formations take part- 
in the local structures of the Rico ami Di Plata 
Mountains, to be described in detail.

Kclftlions to the Sun Junn Alumi!ains.—The
southwestern front of the volcanic Sail Juan 
Mountains lies G to S miles northeast of the Kieo 
quadrangle. The intervening space is character
ized by irregular foothill topography, with features 
due in part to the upturning and erosion of various 
sedimentary formations about the nncientSai: Juan 
center of uplift ami in part to largo masses of intru
sive igneous racks. These intrusion's me similar 
in character to those uf the Rico Mountains.

No surface volcanic rocks of the Sun Juan suc
cession occur in the Rico quadrangle. It is prob
able, however, that the Sun Jmm volcanics once 
extended over this area ami have been removed by 
erosion. In support of this idea may 1>e mentioned 
the fact that only n few miles uorLh of the Rico 
urea, on the south slopes of the San Miguel Moun
tains, n line of high peaks which arc geologically 
ns well as topographically western on ill era of the 
San Juan Mountains, remnants of the horizontal 
surface lavas of that district, us well as great masses 
of intrusive rocks, arc found. The huso of the sur
face volrnnies in the San Miguel jxsiks stands at 
about 12,000.feet which is higher than any por
tion of the'Rico quadrangle except certain points 
in the local area of uplift in the Rico Mountains. 
The Rico area is geologically related to the Son 
Juan region chiefly in regard to pre-Tertiary for
mations and structure am! the Quaternary ero
sion of streams heading on the San Juan flank.

Miguel River, and extends from trio Msneos 
(Cretaceous) elude* down into rite Carho.rifv.rav.H 
ml beds. Rut i:i consequence of tire Rico uplift 
am! its bisection by the Dolores the lower Paleo
zoic formations are shown locally, and even cer
tain quartzites of the Algonkkm. The formations 
thus revealed in the Dolores Valley have the gen
eral character of the complete section more per
fectly. exposed in the Animas Valley, about 12 
miles to Lite cast. The Mesozoic formations arc 
the same that characterize the canyons of the 
plateau country to the west, but it is known 
that most of those formations exhibit progres
sive changes ns distance from the Colorado moun
tain area increases. These changes have not yet 
beet: examined in detail.

GnOGKAl'ItY ANU TOfOGUAntY Of TUK QtfAll- 

HANOUi.
The Rten quadrangle presents three especially 

prominent tyj»es of topographic forms, each dom
inating a considerable part, of the area. These not
able features arc (1) the Dolores Plat,win, (2) the 
Kieo Mountains, and (3) the Dolores Valley, with 
its many lateral branches.

The. Duhre.i Vlaieau.—The western h:iif of the 
Kieo quadrangle belongs to the Dolores Plateau. 
A glance at the topographic map shows that 
between the Dolores Kiver and Stoner Creek there 
is u gently inclined mesa crossed by the western 
meridian of the quadrangle at an chv.ition of 
about 1MU0 fecL The Mat crust of the narrow 
ridge between Stoner Creek and the West Dolores 
is clearly a remnant of the same plateau level end 
on the northern line of the quadrangle it appeal* 
again.

South of the Dolores the same notable mesa 
feature may be recognized. The actual extent of 
the mesa surface in the quadrangle may lie most 
clearly appreciated .by an examination of the geo
logical map, where its outiiue is shown by menus 
of the mapping of the distribution of the Dakota 
sandstone, its floor. The mesa remnants are 
bounded by distinct scarps formed bv the sandstone.

The plateau feature gradual!}' disappears as its 
sandstone floor comes under the influence of the 
local domnl uplifts of the Rico and La Plata 
mountains. The contours of the map clearly 
express die changing dip of the Dakota sandstone, 
and with it tlte changing slope.of the mesa, sur
face itself as those mountains are approached. 
West of the Kieo Mountains the dip* slope of the 
mesa reaches tin elevation of 11,500 feet on the 
ridge west of Eagle Peak. This corresponds 
closely to the level attained .bv the Bimikir plane 
on the east side of Rear Creek, north of the La 
Plata Mountains, for across the southern part of
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THE RICO QUADRANGLE.

■Vliitnir.ii Crosstmu! r. I., Raiisuni.:.

;ral geology of the quadrangle.

lly Whitman Cro£.«.
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llte quailningle the- mesa floor is affected in pre
cisely .similar manner by the uplift of those moun
tains, the steeper slopes of which begin a mile or 
two south of the quadrangle line. Between the 
Ilico ami Iji Plata mountains the mesa is cut off 
by the Dolores Valley mid does not reappear on 
the eastern side because of tbc ujiturning of all 
formations on this genera! line, under the influence 
of the broad San efuan structure.

Almost tbe entire surface of these mesa or pla
teau remnants is covered by a forest growth i„ 
w.nch white pine ami aspen arc the chief elements, 
ihe mesa bolder southwest of Bear Crock is espe
cially characterized by a magnificent growih of 
stately aspens. At lower levels piiion, white pine, 
cedar, ami scrub oak become more and more 
prominent.

Tho Ttico Mountains.—The summits of this com
pact ami rather .isolated group lie within an oval 
area about 7 miles in diameter from east to west 
and 5 miles from north to south. Tho peaks are 
nearly all included within the northeast section of 
the Dice quadrangle, but a few lie cast of the one 
■inudrcd and eighth meridian, in the Engineer 
Mountain quadrangle.

Tbc topographic map of the quadrangle shows 
ihe genera! character of the mountains us com pried 
With, the plateau area ami the long buor-.il ridges of 
the Dolores Valley. The special shoot exhibits 
■he finer details ot form ami includes the peaks 
situated tflsl. of ihe quadrangle line.

'1 10m these maps it may lie seen that the Rico 
aloiiiitiiins consist of a circle or high and nigged 
peaks, divided into two erase,.nt-delpcd hnlvUhv

F. M. Emllieh examined the district to Ihe cast, 
the 0M6' hundred and eighth meridian, passing 
through Telescope Mountain, being apparently the 
general western boundary of his field of work. In 
IS/fi \\. H. Holmes made a rapid reconnaissance 
over the.plateau country to the west. The compli
cated geology of the Rico uplift, coming on the 
bonier zone between tbe fields of different men 
working in different seasons, did not receive ade
quate attention, and tho Hayden map of ibis area 
is, therefore, quite unsntisfactorv.

l!- Fl‘rM T. A. Jiiclard.—The only 
geological explorations of the quadrangle since the 
lime Ilf the Hayden Survey have been connected 
with mining developments in the Rico .Mountains. 
In Ihe course of descriptions of some of the min

ing properties near Rico there have been brief dis
cussions of the geology of the mountain group 
ilicse d:....—i- - viseussions were for ilic most part founded 
on observations near and in the mines of New- 
"um Hill. In IS-li* John R. Earls), read a paper 
before the Colorado'Scientific Society entitled “On 
the Ore Deposits of Newman Hill, near Rico, Col
orado” (Proc. Colorado Sei. Soc., vol. 4, pp.
1G'D- File description of the oro deposits was 
preceded by some general remarks on the geology. 
Tlio structure of ihe mountains was recognized by 
lutrish as a <!oma) uplift.

A detailed description of the Enterprise mine 
was published in ]S0C by T. A. Rickard, Ll.cn 
suiicrinlemlcnt of the mine (Trans. Am. Inst 
Min. Eng., vol. 20. pp. !)0C-980). In this paper 
inure are hut few slnlcini'iitu concerning the ;;en- 
eral gc.biirv. Tim .‘a ...... I::,.,
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the quadrangle the mesa floor is afleded in pre
cisely similar manner by the uplift of thosc’moun- 
tains, the sleeper slopes of which begin a mile, or 
two south of the quadrangle line. Between the 
Kico and La Plata mountains the mesa is cut oif 
by the Dolores Valley and does not. reappear on 
the eastern side because of the upturning of all 
formations on this general line, under the influence 
of the broad Sun Juuu structure.

Almost the entire surface of these mesa orpin- 
term remnants is covered by n forest, growth in 
which white pine and aspen arc the chief dements. 
The mesa border southwest of Bear Creek is espe
cially characterized hy a magnificent growth of 
stately nspeng. At lower levels pifion, while pine, 
cedar, and scrub oak become more and more 
prominent.

The JiicO ^fountains.—The summits of this com
pact and rather isolated group lie within an oval 
area about 7 miles in diameter from cast to west 
and 0 miles from north to south. The peaks are 
nearly all included within the northeast section of 
the Kico quadrangle, but a few lie wist of the one 
hundred and eighth meridian, in the Engineer 
Mountain quadrangle.

The topographic .map of the quadrangle allows 
the general character of the mountains as compared 
with the plateau area and the long lateral ridges of 
the Dolores Valiev. The special sheet exhibits 
(lie finer details of form and includes the peaks 
situated cast of the quadrangle line.

From these maps it may be seen that the Kico 
Mountains consist of a circle of‘high and rugged 
peaks, divided into two crcscent-shnpod halves by 
the Dolores Valley. There arc twelve peaks, each 
exceeding 12,000 feet in elevation above ski level, 
and the narrow crest connecting them rarely sinks 
below 11,500 feet On cither side of the river. In 
passing through the group the Dolores receives 
several important tributaries on each side, which 
exposo the internal structure of the group in many 
important respects These lateral gulches are all 
deep, with steep sides, and their streams arc still 
actively engaged in the work of erosion.

The. characteristic forms of peaks and gulches 
are illustrated in the photographs reproduced in 
this folio. Fig. 1 in particular shows the details 
of form commonly present in the higher summits 
on the eastern side of die river.

Timber line in the Kico Mountains lies between 
11,500 and 12,000 feet, and its course may be 
traced in several of the illustrations of the folio.

The Dolores Valley.—The Dolores River has 
carved its valley through the heart of die Kico 
Mountains, and near die western boundary of die 
quadrangle it enters a canyon, cut far below the 
plateau level, in which it flows to its junction with 
the Grand River. The branches of the main 
stream within the area arc all short,.except Bear 
Creek, which heads n few miles to the south in the 
La Plata Mountains. The Mftst Dolores Valley is 
nearly as large as the main fork, hut ties wholly 
within the plateau region. The extreme head of 
the Dolores is at the northeast base of the Riuo 

Mountains.
The canyons of die Dolores River, Lost Canyon, 

Stoner Creek, and the West Dolores arc character
istic of die drainage channels of the plateau coun
try. The sides arc steep and arc modified bv 
many minor scarps representing resistant mind- 

stone strata.
ClU5t.Of.tCAt. tXVJJjTtGATfOX OF Till* HliOtd.W

.The Hayden Survey.—The country adjacent to 
Kico was visited by -geologists of the Hayden 
Survey in 187-1 and 1870. In the former year

F. M. Kndlich examined the district to tin* east, 
the one hundred and eighth meridian, passing 
through Telescope Mountain, being apparently the 
general western toumlary of his field of work. In 
1S7G W. ]i. Holmes made n rapid reconnaissance 
over the plateau country to the west. The compli
cated geology of the Rico uplift, coming on the 
border zone between the fields of different men 
working in difi'ereut seasons, did not receive ade
quate attention, and the Hayden map of this area 
is, therefore, quhe unsatisfactory.

./. Jl. Jut risk and T. A. liiekard.—The only 
geological explorations of the quadrangle since the 
time of the Hayden Survey have l»cen connected 
with mining developments in the Kico Mountains. 
In the course of descriptions of some of the min
ing projierties near Kico there have been brief dis
cussions of the geology of the mountain group. 
These discussions were for the most part founded 
on observations near ami in the mines of Ne^v- 
man Hill. In 18D2 John B. Parish read a paper 
before the Colorado Scientific Society entitled “On 
the Ore Deposits of Newman Hill, near Kico, Col
orado” (Proe. Colorado Soi. Soc., vot. -1, pp. 151- 
lGd). 'J’Jic description of the ore deposits was 
preceded by some general remarks on the geology. 
The structure of the mountains was recognized by 
Parish us n doinnl uplift.

A detailed description of the Enterprise mine 
was published in 1SUG by T. A. Rickard, then 
superintendent of the mine (Trans. Am. Just. 
Min. Kng., vol. 20, pp. OOC-ftSO). In this pa]ter 
there are but few statements concerning the gen
eral geology. The strata about Kico arc said, to 
be fossilifcroits and to belong to the lower Car
boniferous, and the common igneous rock is called 
porphyritc, and is concisely described by U. C. 
Hills. Kickard refers‘to “a large dike of porphy
ritc” crossing the valley north of*Kico, “making 
n fault which breaks the continuity of the coun
try on cither side.” It would appear that ibis 
reference must be to the mass of schists with small 
dikes of hornhlcndic porphyry; but the position and 
importance of the fault arc not further indicated.

U. S. Geological Survey.—In the course of the 
present resurvey of the Kico quadrangle the geo
logic complications in the Kico Mountains were 
found to he so great that a detailed topographic 
map and a special report on its geology and 
mineral resources were found necessary. This 
report appeared in the Twenty-first Annual 
Keport of the Geological Survey under the title, 
“Geology of the Kico Mountains, Colorado,” by 
Whitman Cross ami Arthur Coo Spencer. A3 (lie 
Kico Mountains are the most important and most 
complex part of the quadrangle the text of litis 
folio is in large degree descriptive of the phe
nomena exhibited in the mountains. But as only 
the broader features of the geology can be treated 
in this place the reader will often he referred for 
details to the publication just cited, which will be 
called in general terms 14the Kico report.” The 
special map of that report is republished in this 
folio as the economic sheet.

A report on the ore deposits of the Kico Moun
tains, by Frederick Leslie Ransomc, appeared in 
the Twenty-second Annual Keport of the Geologi
cal Survey, Part II, pp. 220-307. A summary of 
that report constitutes the section of ibis foiio on 
” Economic geology.”

Folios presenting the geology of the Tcliuride 
quadrangle on the northeast and of the Da Plata 
quadrangle on tlie south have been issued. Those 
of tlie Engineer Mountain ami Durango quad
rangles, respectively cast and southeast of the 
Kico, are in preparation.
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The agricultural development within the KieO 
quadrangle is limited to small nreus of bottom 
land, principally in the ''alloy of Ilm West Dolores 
and to n 1 Csw extent in that of the main river. 'J im 
level expanses of tint plateau are. not availahle 
for cultivation, l*x:au*cof the- lack of water. They 
afford excellent grazing land in many places.

Metalliferous deposits in the Rico Mountains 
have led to extensive mining ojH*ntlions and the. 
foundation of the town of Kieo, situated on the 
river in the heart of I lie mountain group. The 
Kio Grande Southern Railroad crosses the quad
rangle, following the valley of Llie Dolores River.

DESCRl m V K GEO LOG V.

:nnc hock FOjnrA r/o.\>\
SKniJJKNTAitV AND )l KTAJIOi: HI lit HOCKS.

AlAtOXK I AN SVSTKM.

* Tut rad u dory statement,—The rocks which are
described ns Algonkian Orcup}r n small area in the 

^ center of the Rico Mountains, where they have 
?/■ec,o*^>n<*'~ been exposinl by the carving of the Dolores Valley 

through the heart of the uplift. They comprise 
quartzites and qnnrtzitie. schists mid arc similar to 
the scries of rocks exposed in (he UiU'ompuhgro 
Canyon on the north side of (ho San dnan Moun
tains and in the Needle Mountains on the south 
side of the San .Tuan. In the latter region they 
were represented on the Hayden map as “tneta- 
inorphic Paleozoic.”

The quartzites of the Animas Canyon section 
through the Needle Mountains have hcon examined 
by Timmons and Van II iso, who have assigned 
them to the Algonkian system. The correctness 
of this assignment is confirmed hy recent work of 
(lie Geological Survey in the Needle Mountains 
mul the discovery or Cumbrian fossils in the lowest 
Paleozoic formation of that area, which rests uneou- 
formnbly on the quartzite*? and other pre-Cambrian 
rocks. J11 the Silvcrton folio the quartzites, slates, 
and conglomerates of this ancient complex were 
called the Uw-umpnhgrc formaiinn. The Uncom- 
pahgre quartzites ami shut’s arc underlain in the 
Needle Mountains by a thick conglomerate called 
the Vallecito formation. The Valloeito and the 
Uneompahgre. together constitute the Needle Moun
tains group, according to the. nomenclature pro
posed in the Needle Mountains folio.

UNCftMTAttflltlt KOUMATloX.

Character.—The Algonkian rocks, very imper
fectly exposed at Riit>, consist of quartzites ami 
qnnrtzitie schists bearing small amount* of mica. 
The quartzites are found only in the valley of Sil
ver Crook, in small upthrust fault blocks, ami nrc 
not distinguishable in character from other massive 
quartzites, to he described biter, which are supposed 
to he of Cumbrian age; lmt the visible thickness 
and the structural altitude of the Algonkian rocks 
make it impossible to refer them to the thin Cam
brian formation of this region. Titov arc white 
or tinged with brown, with occasional red or rusty 
hands. They are composed almost entirely of 
quartz, occurring usually in small, even-grained 
par:,ides, hut. sometimes in the form of pebbles 
less than an inch in diameter. The rock is com
pletely indurated hy the intcrcutiul deposition of 
quartz, 80 that, it is now glassy quarizitc, very 
resistant to erosion, Distinct partings between the 
beds of quarizitc arc nowhere observable *JI present 
exposures. However, the bedding or stratification 
planes may frequently l»c made out from a study 
of the massive quartzites, where differences of grain 
arc found or where cross-bedding is observable. 
Ripplomarkcd surface* arc also Occmdosuilly seen.

There are six .separate areas of 
quartzite in the valley of Silver Creek, and of 
these one, that below Allyn Gulch. is ccrtaiulv 
Algonkian, as must be infernal from its great 
mass; anolher, on the opposite side of Silver 
Creek, is probably uf ilia! age; while the others 
have Wn a.-vigniil to (In* Pahsizuir. In the plmv

elevations of f>200 and 1)500 fed, showing a con
tinuous exjmsure oi one place to a thickness of 
itfiO fool, though from the structure il is probable 
that a greater thickness is present. The >:rike ami 
dip may he; determined in this region mu:, while 
both arc variable, the former is gencndly about 
X. 10'-: >0" K. and the latter is steeply tov.-;.:*d the 
south of wist. On the. north, south, and west the 
boundaries of this mass of quartzite are no: known, 
since they arc covered hy surface debris: iv.t from 
the adjacent occurrences of jsirphyry helnrpng to 
the thick gill of Newman Hill it is ulmo*: certain 
that tin* quartzite is limited on the south ami 
west by faults, in tlio manner indicated On the 
map, while on the north il may connect under
neath the valley wash with the quartzite on the 
north side, of Silver Crock.

Within the area just mentioned the rocks nrc very 
imperfectly exposed, except in local patches, hut 
from these and from the data derived from tunnels 
and prospects it is definitely known that tie.* north
ern limit is along the Last. Chance fault, winch has 
a nearly east-west course. The highest ext-osures 
nrc near (his fault, at about ‘.MOO feet, .r.id the 
quartzite can not extend much beyond tins point, 
since green shales and sandstones arc exposed at 
about the same elevation in the draw he;;*w the 
Alma Mater mine.

Character.—The remaining rocks of prvhaidc 
Algonkian age may be termed schists, sir.re they 
have a more or less distinct foliated structure, not 
due to original bedding, but superinduced by met- 
amorphism under stress. In these seUi*:.? the 
stratification may he made out in some cu.-cs by 
differences in the character of adjacent bands. and 
to this structure the foliation is gcncndly, though 
not. always, parallel. The direction of foliation 
docs not vary greatly from east and west, and its 
position is nearly vertical wherever observed.

The schists arc dense bluish-gray rocks, the foli
ation being caused by the urnmgement of very 
minute pari ides ofbioiitc and aciinoiitc, no: recog
nizable to the unaided‘eye. A delicate luster is 
visible on the planes of easier fracture, bm the 
sebiatosity is never very highly dc.vclopcd ami the 
rocks often break readil)* across the structure with 
almost conohoidal fracture.

In a few places the rock has quite clearly the 
character of a mashed product, apparently derived 
from a porphyry in which there were phe:*. crysts 
of quartz and feldspar. There. is a slight develop
ment tif (ouriimlinu in such rocks.

Intruded into these schists, in general parallel to 
the structure, hut sometimes crosscutting, are many 
thin dikoj of a dark porphyritic rock. Titrate, are 
prominent on both sides of the river, lmt have not 
been found in the Algonkian quartzites norm any 
Other rock than the schists; hence they art* sujv 
loosed to he very old intrusions, im1c|tcmic!U of the 
other eruptions of the region. This idea :« su!>- 
stantiated by the mashing of some of the dikes. 
Stout prisms of hornblende arc die Only promi
nent crystals of the rock. There is also much 
secondary hornblende and cpidotc revealed by the 
microscope. T he former, subordinate fcldir:*athic 
constiLnent is so much crushed and altered that, the 
original elumidcr can not. be determined. Pktgio- 
clasc was probably pt'cdoiuimmt. over orthoeiase.

Occurrence.—The Algostkian schists occur only 
ill the l)uh»n* Valley just nlsivc .Kieo in .-mall 
upthrust fault Mocks, and the structure about them 
is so complicated, as shown hy the special rimet, 
that the relations of the schists to the Algonkian 
quartzites and of the latter to smntl nreak of Ra’co- 
Zuic quartzites have not been satisfactorily demon
strated in all eases.

OAMUIOAN (?) NYSTItM.

IOXACIO QUAUTZITS.

fidrnductan; ntnlcnicnl.—The lowest member of 
the I'nlcozoic secdon displayed in the Rico Moun
tains is n quartzite which was grouped w::h the 
overlying limi’slonc. in the Rico iV|*ort, hot!*, being 
refernii to the Hevimijui, though with n r - *rva- 1

motion dcscrvir.c recognition 
quartzites am! die Hevoiiian 
intermediate fi neat ion consist* 
Aiiinms Valley, of tliiii-bedd 
calcareous sliah^ with vary in; 
quartzites, the whole less than 
ness. Kragn»(*i:> of fish scales :* 
found in these beds and ahhoug 
eally determinable forms havo>- 
is considered probable by J>r. t 
lias stiuiied then:, tiiat these fo.- 
clo>cly ivhtted to :L-h mtiaius tits 
kill furmaiion of the upper H 
Kvlvauia. Tn the Milverton fol 
Hcricsj of beds was named the 
The observation* made at KieO • 
presence of the Elbert beds at l 
is possible that limited cxpi»- 
or less metaioorphosed condition 
have hindered recognition of 
fcatiuvo of lids ;br:nalion.

The lowest lithologic divisiot 
section in the Animas Valley is i 
it eg, ami vanes in thickness fr< 
to 200 feet. A single fossil sli* 
Citarles D. Vai.o:: as Chain* sp 
«*crtuin Upper Cambrian species, 
these quartzites. ::«« therefore il 
best to refer die formaiinn t«> lh 
togan series of the Cambrian, 
folio titis was named the lgnarb 
its ocvurretiee mv.r the Ignacio 1. 
noor Monnlain quadrangle.

The Ijnac.la beds at Rico.—Th 
provisionally referral to the Ij. 
may lie seen in dm hcil of the D 
above Kieo and rdong the w(*st ha 
'J'hesc Simla dip a: an angle of a fi 
ward, passing und.er the miuurali 
the Atlantic Cable claim, ‘nicy 
hemv;iili that lin^stouc; in the h.. 
the. claim oicndonml. It- is pn 
quartzites rcttcli :: thickness of at I

This basal quartzite is a nia.- 
dense and Itigldy ijiduntUxl. It; 
yellow-white wid: ivtl and brown 
a slight variation in grain, the mas* 
being fairly homogeneous. The 
sometimes dUivntthlo, tiiotigh n 
hy jointing ar.-i rifling. 'I'hc b 
clctirly (iisiiugnUhahlc from the At 
iU: except hy its in »re regular b»tb 
eonformahle altiunlc which it. he: 
lying Paleozoic r*U'ks.

Occurrence.’Tiic most clearly 
ites of the Ignacio formation occur 
t!ic Doloiv* River, just north of K1 

ftiic Smelter fsudl. Certain other q 
are associated with Algonkian schis 
of the river near the Last Chance 
been rcferrrtl to litis formation. Si. 
ites, mapjMxl as Devonian ou tlmspo 
panying die Riro report, occur ic 
Silver Creek. These quartzites sc* 
confin'mity with die Carhouiferoti:* 
man Kill. If dscy arc Cambrian 
absence of the Devonian liimsctou 
must he explained, in the Rico r- 
the reader must he referred for fur 
of this question, i: was assumed ilia 
iimcstonu had been m:iiov»al h)* . 
point before the deposition of the 
bonifornus).

m-:YOXn-C'.v!:u<jxii-M:i:ot:K !;• 

occ.av i.:ui;stoxx.

A"amc and drnutiiou.—The pn>- 
nian strata in .-oudiwisieni Colo: 
recogniz'd in JN7*t, througli i-ollee: 
made hy J.’’. iM. Ifu-tlieii, of the !!:iy*t 
the southern frlr.rics? of the Need! 
'i’hc name Ouray H.nostonc was prop 
.Spencer, in 1 !)(.)■ i. ..tier the strata !i. 
iimincd in <'onu<i::iou with the li. 
Survey work, fit.m the town of t‘ 
«mt!:>*rn bi«r«h.- • •**h:"h •*» .* tin.**



f 9200 ami 9500 fcot, showing a con- 
insure at one place to a thickness of
• ■ugh from the structure it is probable 
•r thickness is present. The strike ami
determined in this region and, while 

-liable, the: former is gem.-rallv ahimt. 
K. and the hitler is steeply toward the 
i. On llic north, south, and west the

• f this mass of quartzite are not, known, 
recovered by surface debris; hut from

occurrences of j>orpl:yry belonging to 
II of Keivman Hill it is id most certain 
nirUito is limited on tlio south ami
• Its, in the manner indicated on the 
*w\ the north it may connect under- 
dley wash with the quartzite on the
Silver Creek.

• • area just mentioned the rocks are very 
••xposial, except in local patches. Imt 
ml from the data derived from tunnels 
- it-is definitely known that the north- 
dong the Last Chance fault, which has 
-west course. The highest exposures 
•; fault, at about 0-100 foal, and the
not extend much heyond this point, 

-halt's and sandstones are exposed at 
me elevation in the draw below the 
mine.
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or !e*s distinct foliated structure, not 
;d bi dding, but superinduced by met- 
nmler stress. In these schists the 
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the diameter of adjacent bands, ami 
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parallel. The direction of foliation 
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•arly vertical wherever observed.
• arc dense bluish-gray rocks, (lie foli- 
••nused by the arrangement of very 
los of hiotUc and actinolite, not vecog-

unaided eye. A delicate luster is 
»c planes of easier fracture, init^hc 
never very highly developed and tin* 
reak readily across the structure with 
•idai fracture.
•laces the rock lias quite dearly the

* mashed product, apparently derived 
yry in wiiich tlicre were phenocrysts 
: feldspar. There is a slight develop- 
nalinc in such rocks.
do tin’s!: schists, in gcm-ml parallel to 
' • •* ••••Mi'-I’im»-< rr-.!S-*»*ulIi’f'

maiion deserving recognition occurs between the 
quartzites and the Devonian limestone. This 
intermediate formation consists, as known in the 
Animas Valley, of thiu-bedded limestones and 
calcareous shales with varying amounts of thin 
quartzites, the whole less than 100 feet in thick
ness. Fragments of fish scales and bum-s have. beer, 
found in these beds and although hut a few speeifi- 
calfy determinable forms have yet been obtained, it 
is considered probable by Dr. C. J;. Kastman, who 
iias studied tlicm, that these fossils an* identical or 
closely related to fish remains occurring in the Cals- 
kill formation of the upper Devonian, in Penn
sylvania. Jti the Silverton folio the fish-bearing 
series of beds was named the Elbert formation. 
The observations made at ‘Rico do not imlieatc the 
presence of the Elbert beds at that locality, but it 
is possible that the limited exposures and the more 
or less metamorphosed condition of the. rocks may 
have hindered recognition of the characteristic 
features of this formation.

The. lowest lithologic division of the Paleozoic 
section in the Animas Valley is made up of quartz
ites, am! varies in thickness from a few feel tip 
to 2(H) feet. A single fossil shell, determined by 
Charles 3). Walcott as Oholu* sp.? and resembling 
certain Upper Cambrian species. has been found in 
those quartzites, and therefore it seems at present 
host to refer the formation to the upper or Snm- 
togan series of the Cambrian. In the Silvcrton 
folio this was named the Ignacio formation, from 
its occurrence near the Ignacio Lakes in the Engi
neer Mountain quadrangle.

Thefyitachi ImU at /wen.—The quartzites here 
’provisionally referred to the Ignacio formation 
may be seen in the bed of the Dolores Kivor just 
above Kieo and along the west hank of the stream. 
These strata dip at an angle of a few degrees south
ward, passing under the mineralized limestone of 
the. Atlantic Cable claim. They wen* encountered 
beneath that limestone, in the bore hole, sunk on 
the claim mentioned. It is probable that 1 lie 
quartzites reach a thickness of at least 200 feet.

This basal (piartzitc is n massive rock, very 
.lensc nml highly indurated. Its colors arc dull 
yellow-white with red and brown stains. There is 
a slight variation in grain, the mass of the formation 
being fairly homogeneous. The stratification is 
sometimes discernihlc, though usually obscured 
by jointing and rifling. The formation L not 
clearly disniignisltahic from the Algonkian quartz
ite except-by its more, regular bedding and by the 
conformable aliunde which it hears to the over- 
Iving Paleozoic rocks.

Orrttrmu'r.—The most clearly •h,fim*«l qnnrtz-

of Devonian nge. Tt was supposed by Spent! 
that the whole limestone complex in question musts 
he of Devonian age, hut as will he .shown, it iu&gftjj 

been proved that an indefinite hut subordinate 
of the most prominent limestone ledge of 
Ouray is Mixsissippinn. Since it is impoKsihle.'ipggfc 
draw a line between the two portions, the Ouraf$$‘ 

becomes a lilhologie unit transgressing the 
boundary ln’tween ilm Devonian and Curbonifef-5 

on? systems. '

General lilhotnyic character.—The Ouray fog
mutton as at present known has u thickness vnrj
ing from 10(1 to SCO foot. The upper ami ninjj&Sj
part of the formation is massive limestone, chFeji!
in one bod or with such thin intercalated shale^j
that the ability of the limestone to resist crosio^fe
and thus to cause, mesas, benches, and proud nuff*'
cliffs as characteristic topographic forms, is alwaji^
notable. IVlow the more massive portion a tliir
or less of the section is made of well-bedded limis
stone with Distinct sitalv layers and, rarely, ting;
quartzites, between them. Some of the Iowk^
layers I'.ave a wavy bedding, some are. nrenaecois^

or carlhv, and huge clu-rt concretions, free from- 
• ’ .fossils, an*.common at a horizon near the base?:

The lowest stratum is characterized usually Ej 
erinoid stems ami rarely n cup coral. ^

The greater part of liie formation is dense, 
pact limestone, hut portions of the upjier ledge 
coarsely crystalline. In general, the rock is neftrlr^S^® 
white, straw yellow, or ImlV, with local pinkis^f^wlp^ 
tones. Smite of the lower beds arc strongly y&jSjfjJj&v 

iow and these are commonly more or less 
The contrast with the dark-grav, dense- limcstoue&dfS-^

° ’ . '-jjl.Tof the Hermosa is marked, layers of such chnr.ictet$S 
occurring only near the base of the Ouray.

'I’he Carboniferous portion of the Ouray is 
logically indistinguishable from the J^evoninsi.

Fttnuns ami correlation.—The Devonian invef^j 
tchrate fauna of the Onrnv occurs from near i 
base to n hnrizon wiiich in many places is not fap 
below the* top of the upper, massive ledge. 
greater number of species occur in this nppSj 

hnrizon, hut itianv of them range to within;* 
few feci of tiic base.

The Missixsippian fauna has been found at set^ 
end Inesduies in the Animas Valley in eomsrij^ 
crystalline lieils near tl)C tup of the formation.

Fossils have, not been found ai Kieo, but 
been obtained at Ouray and at several loKilitag^SsU^tl' 
on the southern slope of tin*.San Juan, iiiehutin^^wMf 
tltax whore Kndiieli host found a few charncic'r^^^ 

isiic Devonian speeiefj.
*0

The invcrlehr.itc fauna of the Devonian 
of the Onniv has been fully describf.nl by 0.
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• .nimbly bn llu' quartzites and other pte-t’ambnau 
■nrlvjf. In I In* Silvorton folio tin* quaiTzib.s, slates, 
:tnl Conglomerates of this nnciont complex were 
■ailed die Uucumpnhgre formation. The Uncom- 
puligrc quartzite mid slides ore underlain in the 

Needle Mountains by » thick conglomerate called 
111«; Vnlleoilo fnrmalimi. The Vallecilo and the 
Uueonqiahgrc too ther constitute die Neolle Moun
tains group, according to the nomenclature pro- 
I•iki'iI in dm N«*cdlc. Mountains lulio.

UriCi'itI'AHOIIK toumatiox.

Character.—The Algoukian rocks, very impe.r- 
livily expo^l :d Kico, consist of quartzites and 
qiiartzilic ryhists Iwaring small a mom its of mien. 
The quartzite* me found only in dm valley of Sil
ver Covk, in small upthrust fault blocks, ami are 
not distinguishable in character from other massive 
quartzites, to be described later, which are. supposed 
tn be of Cumbrian age; but the visible thickness 
and the striM'tnnd altitude of die Algoukian rocks 
make it im|»o.vuhlc to refer (bem to the thin Cam
brian formation of tins region. 'They arc while 
or tinged with brown, with oc.-nsiunal red or rusty 
hands. 'I’lmy are composed almost entirely of 
quartz, Occurring u'siudly in small, even-grained 
part lob's, Imt. sometimes in the fortn of pebbles 
less than an inch in diamvter. ’i'lm rock is com
pletely indurated by the interstitial dcjwjsilion of 
quartz, Rn that it is now glassy quartzite, very 
resistant, to erosion. Distinct, partings between the 
I Mils of quartzite arc nowhere observable in present 
exposures. However, the bedding or fitmtidcniion 
planes may frequently lie made out from a study 
of the massive quartzites, where differences of grain 
arc found or where cross-bedding is observable. 
Uipplc-mnrkod surfaces arc also occasionally seen.

Occnrrrnre.—There ait? six separate arena of 
quartzite in the valley of Silver Creek, and of 
these one, that l»clow Allyn Gulch, is certainly 
Algoukian, as must lie in ferret I from its great 
mass; another, on the. opposite side of (Silver 
Creek, is probably of (hat age; while the others 
have been assigned to die Paleozoic. In the place 
first mentioned the quartzites have their greatest 
development. They arc Inxindcd on the cast by a 
well-marked fault, shown in the Lnxy mine; thence 
toward the south west they may be traced for a 
quarter of a mile along the hillside, on the slo|ic of 
which Lheir outcrops arc to he seen between the

ulioM tiling cmiM'il ny me artaiigvinvui »•« 
minute particles of Inutile and nctiiniliti*, no! recog
nizable to the unaided rye. A delicate luster is 
visible on the planes of easier fnieture, hut the 
schistosity is never very highly dcvclopml and the 
rockn often break readily across dm structure with 
almost emichoidul fracture,

Tn a few places ihe rock lias quite clearly the 
character of a mushed product, apparently derived 
from a porphyry in which there were pbcimciysls 
of quartz, and feldspar. There is a slight tievclo|»- 
incnt of tntirnmlinc in such rocks.

intruded into tlmse Schists, in general |.im)lol to 
die structure, but sometimes crosscut ling, arc many 
thin dikes of a dark porpliyritie rock. Those are 
prominent on bolb sides of (.lie river, but have not. 
been fonml in the Algoukian quartzites nor in any 
other rock than the schists; hence they are sup
posed to he very old intrusions, independent of dm 
other eruptions of the region. Tins idea is sub
stantiated by the mashing of some of die dikes. 
Stout prisms of hornblende arc the only promi
nent crystals of i.l»o rock. Timm in also much 
Secondary hornblende and cpidotc revealed hy I be 
microscope. The former subordinate fchlspalbie. 
constituent is so much crushed ami altered that (lie 
original character can not be determined. IMagio- 
clase was probably predominant over ortliocluse.

Occurrence.—The Algoukian schists occur only 
in the Dolores Valley just above Kico in Binnil 
upthrust funk blocks, and the structure about them 
is so complicated, as shown bv the special sheet, 
dial the relations of the schists to the Algoukian 
quartzites ami of the latter to small arcus of Paleo
zoic quartzites have not been satisfactorily demon
strated in all cases.

OAMituiAN (?),«vsti:.vi.

IUNACIO yUAUTUTR.

Introductory statement.—The lowest member of 
the Paleozoic section displayed in the Kico Moun
tains is a quartzite which was grouped w'ith the 
overlying limestone in the Kico rc|>ort, both being 
referred to the Devonian, though with a reserva
tion ns to the quartzite, since it*was recognized 
(hat that formation might be much older than the 
limestone. Keceut investigations in the quadran
gles lying east of the Kico have shown not only 
that the quartzites are probably of Sarntogun 
(Upper Cambrian) age. but that another thin for-

* | **•( 4 «/.!(« .* ,1 ;i ,on',. t>> .»* it.,-, _i»i
This basal qmirr/.ilc is a massive rock, very 

dense ami highly imbimliM. Its colors are dull 
yellow-white with ml ami brown stains. Tlmro is 
a slight variation in grain, the mass of the formation 
being fairly homogeneous. Tim stratification is 
sometimes discernible, though usually obscured 
by jointing and rifting. The formation is not 
clearly distinguishable from the Algoukian quariz- 
ito except by its more regular bedding and by (lie 
conformable altitude which it hears to tin; over
lying Paleozoic rocks.

Occurrence.—The most, clearly defined quartz
ites of the Ignacio formation occur in the valley of 
the Dolores Diver, just, north of Kico and south of 
the Smelter fault. Certain other quartzites, which 
are associated with Algunkiau schists on both sides 
of the river near the Last Chance fault, have also 
been referred to (his formation. (Still other quartz
ites, mapped as Devonian on the special map accom
panying the Kico report, occur in the valley of 
Silver Creek. The* quartzites seem to occur in 
conformity with the Carboniferous rocks of New
man Hill. If they arc Cambrian, however, the 
absence of the He.vnuiati limestone above them 
must he explained. In the Pico report, to which 
the reader must be referred for further discussion 
of this question, it was assumed that the Devonian 
limestone had U*cn removed by erosion at this 
point before the deposition of the llormosa (Car
boniferous).

iikvuniwai:iu>xisi:uuuk iiocks.
OCIIAV LtURSTON’K.

Name and definition.—The presence of Devo
nian strata in southwestern Colorado wns first 
recognized in 137*1, through collections of fossils 
made hy F. M. Kndlich, of the Hayden Survey, on 
the southern slopes of the Needle Mountains. 
'I*he name Ouniv limestone was proposed hy A. C. 
Spencer, in 11000, after the strata Iiad been recx- 
amined in eonnevtion with the U. S. Geological 
Purvey work, from the town of Ouray, on the 
southern border of which is ft prominent outcrop 
of the limestone.

The name was’ proposed by Spencer for the 
Devonian limestone member of the prc-Carbon- 
iferous Paleozoic, excluding the quartzites and 
shah’s here culled the Ignacio and J?-lV»ci’t forma
tions, although they were thought to be possibly

horizon. Imt many of them range to within a 
lew feet of the base.

The Mixsissippinn fauna has been found at sev
eral localities in the Animas Valiev in coarsely 
crystalline beds near (he top of the formation.

Fossils have not been found at. Kico, but have 
been obtained at Ouray ami at several luealilios 
on the southern slope of the Sun Juan, including 
that where F.ndiicli lust found a few vharavler- 
istic Devonian h juries.

'1‘lie invertebrate fauna of the Devonian j<ortion 
of (be Ouray lias Im-cii fully described by G.^ll. 
Girty, nnd compared with similar faunas hitherto 
collected in Colorado, but. not recognized as dis
tinct from the forms of the Mississippinn. It is 
represented more or less fully in older collections 
from the Klk Mountains, at Gicnvvood .Springs on 
Grand Diver, near the head of White Diver, and 
on Fast Monarch Mountain, Chalice County. Full 
correlations of the sections in these localities with 
that of the San Juan region cun not be made, 
however, until further examinations have been 
carried out. Concerning the limna Mr. Girty 
writes:

fa general the Devonian fauna of the Ouray Irtnngs 
to late middle or, more probably, to upper Devonian 
lime. U is but distantly rota In I to the Devonian 
faunas of New York, and its relation with those of Ihe 
.Mississippi Valley, or even with other known western 
Devonian faunas, is not close. It. shows many points of 
approximation to Iho Athatms.iui fauna described hy 
Whibiives, mol is .somewhat strikingly similar to the 
Devonian of Uussiu.

The following named species nre particularly 
characteristic of the Devonian |»ortion or the 
Ouray fauna:

fiohnehci'tuthi Chemttnsonvi.* Cninnrohi'ttliin Ro.llictii. 
IViHlucti-lln WMilutot«wu Ommrut.rehin ronlmrlnl
Allivris (JolormluriiH*. Jfnltcopdsl hmuiJU.
Sjdrifur conhailtirt. Ortlmccrn* »p.
Spirlfer disjunct"* vt\r. AnlmosfMiftH,

As to the Mifwi.vnppinti fauna of the Ouray 
limestone Mr. Girty makes the following state

ment:

The fatinn which at one time occupied the higher beds 
of the Onmy limestone is very didcrcut from (he assem
blage of Devonian types which ocmirs holow, and belongs 
ton i>ba8C of CartHiidfcrous life which was widely dis
tributed over the coiiliucuUil sea. It is found iu the
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the preservation of the mountain* as region.? 
of high topognipJiic relief is due t»> the presence, 
of igneous rocks winch have been more resistant 
to erosion than the sediments would have lav.n 
alone. The intrusions avo in the form of stocks, 
dikes, and sheets. To the latter, which may in 
sontc eases have sudieiem thickness to he of the 
type* known as laccoliths, a certain amount, of flu* 
observed deformation of the siraiilied rocks is cer
tainly tine. In the hi Plata Mountains the mass 
of intruded matter of this nature, shown in the 
horizons on posed is comparable to the deforma
tion which they have suffered over and above 
that affecting (lie lower formations, which arc 
covered and therefore beyond observation; so ilia! 
if the porphyry included in the hidden strata 
should hear the same proportion lo Ihu sedimen
tary rocks as in the observed section, the doming 
should be accounted for without, additional uplift. 
At- KicO the structure and make-up of the dome 
is much better exhibited, and though the theory 
that the observed structure- might, be due to a huge, 
laccolith lying between the Algonkian ami I’aico- 
z.oic rocks was at one time entertained as :t work
ing hypothesis, it is now known tint such a mass 
of igneous rock does no: exist, and that, the? amount 
of deformation which the uppermost, strain of the 
region underwent was several times in excess of the 
amount of igneous material which was intruded 
into the. siraUi below them; that is, ihu formation : 
of the liico dome is-mainly due to a central uplift
ing force, apart, from any. 'actual intrusions of 
liquid rock material. That, such a force was also 
active in the. Pa Plata uplift may well he believed, 
for there, as at .Kico, the thickest laccoliths or sills

slope* of Dolores Mountain seen in the. rant ml 
part of* the view, and by many lines in iho higher 
.summits, due to smiiif.vOico or to intercalated 
sheets of porphyry.

Thu higher portions **f all these peaks consist of 
the red Culler or I)oh*re.s strata with sharply con
trasting grayish porphyries*. Kxoollcnt sections* of 
parts of flic Curler are :o be found in several 
places, one on the slope of MMulceap Mountain 
being shown in the iigure. The presc-nco of a 
thin limestone conglomerate of the fossUifernus 
section of the Dolor-.*/ very near the summit 
of Riaekhnwk i'eak si iows tiie projected horizon 
of the Ui ri:ll« saml.-mue m )>e hu- a few hun
dred fed above t hnt mountain.

The. inllnenec of f-r.dnng h not. self-evident in 
this: illustration, yet die magnitude of the dis
placement, cm the IMnckhawk fault is really shown, 
for the prominent limestone hand of the Dolores 
Mountain slope is dropped on that fault to a level 
too low to permit its npponrin^within the field of 
this view on the farther side Oi Allvn Child).

'flic-, faults 'if this area are. clearly shown in 
many places by their dislocation of porphyry 
sheets, but the .grassy nr limbered slopes seen in 
%. 1 often hinder a connected (racing .out of 
some of litem. The splitting of the Rinrkhuwk 
fault and the gradual decrease of dislocation arc 
plainly visible on tin; slopes of Klackhawk Peak.

It may lie .'■ecu from iig._l how well ilic occur
rence of intrusive porphyry masses is exhibited 
on WTitecap Mountain ami the narrow divide 
at the head of Di-adwood Uulch. There are. 
numerous other points at which these relations 
can be seen to advantage. One of lit esc is oit

occupy a zone, so far as the rocks now remaining * the high northern spur of Pdaekhnwk Peak,
are able to show, at a distance from the center of j 
tiie dome, and it. is on these peripheral iutru- j 
sions that the estimate of the su/lieieney of the J 
porphyries to produce the observed structure was! 
based.

tjie j:icv moixta /.y.s.

It. lias already been pointed out that there are 
three natural topographical and geological divi
sions of tlm Rico quadrangle, viz, Urn Kico Moun
tains. the. Dolores Plateau, and the main Dolores 
Valley, The formations of the quadrangle and 
the general geologic structure determining their 
altitude and distribution having been discussed.

where a large sheet makes cliffs several hundred 
feet, high, shown in fig. 1. This mass extends 
around die head of -Silver Cavk, covering a large 
surface, as shown in part by the special ntnp. 
Tiie crosscutting relations of these porphyries, 
ay they puss more or less obliquely from one 
fiorizcm to another, arc- very plainly indicated.

In (lie Kico report may be found .several views 
which will a.vdst the reader in comprehending the 
character of tills portion of the mountains. O'-c. 
of these views presents the country lying cn/i 
lllaekhiuvk Peak.

Telescope ?fotntUiin nud vicinity.—The north
eastern quadrant of the liico Mountains is cosn-

it does not see.m* necessary to give further dc3Cri|>-J p«rritiv<jly simple in its geologic structure and 
five details concerning the )>h)tean ami valley 1 possesses but one mountain summit of prorni- 
nreas, the geology of which is very simple. Rut; ncmx—Tclcscnpe Mountain. The Culler red beds 
the Kico Mountains are so complex in structure, | hcru assume almost exclusive surface importance, 
igneous phenomena, and oilier respects that, a [ through their duplication hy the Telescope Moun-

rfciumu of their prominent feature? is desirable.
The Rico Mountains have been carved out of 

(bo domal uplift of several elements, already 
described. Naturally the peaks exhibit most 
clearly the formations taking part in the dome, 
and their structure, while the jeep dissection by

lain fault. They ft re overlain by the Dolores 
formation at a short distance oast of tim area 
covered hy the special map. The high divide 
running irregularly oast from Telescope Moun
tain, which forms tiie watershed between the 
head of the Dolores Kiver and Hermosa Creek,

the .Dolores and its branches displays the fen-;.a branch of the Animas .Kiver, has many high 
Hires of the core of the uplift. The exhibition j points above timber line in which the* several 
of the latter geologic detail is, however, greatly j formations may he studied.
obscured by the superficial landslide materials, i 
vhich assume a position of much local importance.

the enreu; ok ck.ik.s.

The main summits of the Kico group arrange

The .Kico and upper Hormosn beds form ft 
•scarp facing the landslide area, of 0. Jt. C. Hid 
on the northwest ridge from Telescope Mountain 
as shown in fig. o. The general structure of the 
mountain may also he- Seen in this view from ex^O-

ihem.selvos in harmonv with the domal siruCi.um 1 suros near the summit.
in a circular zone. They are remarkably uniform j The minor faults of this region are conspicuous 
it) height, a dozen peaks exceeding RRUOO feet* lit • through dislocation of porphyry sheets, while the 
elevation, while the highest, Klaekiiawk, is but i largest- fault of the mountains is scarcely idcmiii- 
12.C77 feet, or dfKX) feet above the river at liico. i able on tiie ground.
Tiie Dolores Diver divides 
nearly equal crescents.

ie group into c.vo

KaSTIiltN SUMMITS.

j\futmtniti$ south of Silver Cvc/h.—\Vh\\c tu-arly 
all (he j»enks of tin- Kiro group exhibit, many 
characteristic feature/ of th*- local g'-ub-gy, those 
lvii?^(n :1m south of Silver f V-vk ■*»«• must * n**Jc-

Tltc porpljyry intrusions of this .section of the 
J’ico Mountain.*'-arc less in number and magnitude 
than in any other par*, being limited to a few thin 
sheets and dikes in the upper half of the Dolores 
formation. 1: is worthv nf note, however, that a 
large laccolith occurs just- above the Dakota sand- 
slunc. afwn*. mu-haT mile beyond the imrthca/i cor
ner nf the «:v;f ♦•itvv.wd hv the /;n*ci;rl map, on t!u:
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the summit of Telescope Mountain. The entire j springs which give off strong odors of sulphurated 
area represented on the map as landslide terri- hydrogen, near the bead of Stoner Creek and on
tory exhibits' the characteristic topographic detail. 
Al the upper limit and On the southern border of 
the landslide tract seen in tlu* view there is evi
dence of recent movement. In the Rico report 
may he’found a picture of a tree split in two by 
movement now in progress, and even more con
vincing evidence is exhibited in the crushed or 
twisted timbers of mine workings throughout the 

tract.
Many’ small landslides have occurred on (lie 

northern slope of Telescope Mountain, hut tlie 
blocks have broken up thoroughly in their full 
and can scarcely be distinguished from ordinary 
avalanche debris.

WESTKnX SCillllTS
AfovntahiM north of Jforac On felt.—The domal 

structure of the. Rico Mountains, causing sedimen
tary beds to dip away from the center, is well 
shown in the high ridge leading from sandstone 
Mountain through Klliott Mountain and north
ward across the quadrangle line. The general 
attitude of the strain on this line is represented 
in the view of Sandstone Mountain nnd the next 
higher point on this ridge, forming fig. '2 of tin: 
illustration sheet. 'J’he Jurassic ami Dakota (Cre
taceous) formations on the divides leading outward 
from KHiutt, fjockrider, and Johnny Hull monit- 
t a ins exhibit the same structure.

Elliott Mountain is conspicuous in contrast to 
other peaks of the group by reason of the light- 
coloivd I si l’latn sandstone, which forms cliffs below 
the capping mass of porphyry.

The few faults of this urea illustrate the luck 
of system in these fractures, and none of them 
produce* results very marked in the present 
topography.

The porphyries of litis district illustrate several : 
intrusive relations of interest. The ktccoliihic form 
is fairly well shown in the mass nf Elliott Mnmi*

Johnny Hull Creek not far from Calico Peak.
The appearance of Calico Peak, with its tains 

heaps, less the vivid colors, is shown in PI. YU of 
the Rico rajwri.

Anchor nnd JZxjtectnlion mountains.—Between 
the heads of Morse and Rurnctt gulches are two 
high peaks, Anchor and Kx)>ectation mountains, 
in which the crosscutting ami branching of intru
sive. porphyry shoots is exemplified in many places. 
Indeed, so numerous are the visible forkings of the 
porphyry masses here that the conclusion seems by 
no means far fetched that all the more or less irreg
ular masses shown by the map in the northwest- 
southeast zone from Johnny Bull Creek to beyond 
Landslip Mountain belong to one intrusion. The 
rucks aiv visibly different only in minor details of 

texture.
J1>vh «w//r«rj»/ of Burnett Gulch.—The south

western summits of the Rico group exhibit the 
Cutler nnd Dolores red beds in their normal posi
tion dipping away from the center of the dome. 
On the ridge leading south from Storm Peak the 
Hi Plata and McElmo formations arc seen in 
typical development. The porphvry bodies in 
the red beds have been referred to as probably 
connected with those of Amdmr Mountain.

T\w mast interesting local feature nf this section 
is the landslide mass on the south slope of land
slip Mountain. This occurrence illustrates very 
wdl the various phases in the history of a land
slide area, from the newly fallen blocks seen lien* 
adjacent to the summit of the mouutaiu, through 
the older, partially disintegrated masses ol the 
middle slopes, to the forest-covered debris near 
the stream below, where Kinks and trenches still 
dcnmiiHlrutc the existence of slide masses.

JJnt'lhnj Ridyr.—Between ! force ami Sulphur 
gulches is a high tract cut almost in two by the 
head of iron Draw. Mere occurs the large stock 
of granular rock, ipinriz-monzonito, which appears 

tain, the remnant of which id over COO Hot thick : to have been one of the later intrusions, if not the 
beneath the summit, while the porphyrv is not! last, of the Kivu center. The contacts of this stock 

present across the saddle north “of I lit.- immniain. j are nut well shown at any point, mainly on ainumt 

Then* arc many sheets and small diked ami (he. of the shattered condition of the ntmi/.imilo mass, 
forking or crosscutting of some of these bodies is ; which has resulted in talus or loose broken-rock 
elcarlv exhibited. { piles, where larger landslides have not. taken place.

iln one ol the branches of Morse Gulch is very j Thu metamorphosed condition of the sedimentary 
imperfifllv <*xp<K<d jIm* riwk of what min' lu> one rocks on either side of the mouzouitc on Darling



dm* nut si't'ui tK.tv.c-arv to givc further d'*yrip- 
ivc details cmteerniiig ilie and valley
reap, the g<*olngv of which is very simple. But 
lie Kico Mountains me so complex in structure, 
euemis phenomena, and Otliiri respects that a 
esnu.e of their prominent failures is desirable.

'Hie 1 vitro Mountains have. liven curved out of 
he domal uplift of several elements. already 
K>riil*0il. Naturally the peaks exhibit most 
•fairly flie formations taking part in (lie dome 
jii'.l their Htrncluro, while ihc deep dissection by

paralivcly simple in its geologic structure anti 
possesses ImiI one nnmnlnin summit of promi
nence-—Telescope Mountain. Tim (.‘tiller red hods 
here assume almost exclusive surface importance, 
through their duplication by lhe Telescope Moun
tain fault. They are overlain hy the Dolores 
formation at- a short distance east of the area 
covered by the special map. The high, divide 
running irregularly cast from Telescope Moun
tain, u’hich forms the watershed hetneeu the 
head of the Dolores Uiver ami Ifermosa Greek,

In: IMores and its Immrhcs displays the faa-| a brunch of the Animas Kiver, has many high 
mi'ch vf the core of the uplift. The exhibition i points above timber line in: which the several 
♦f the latter giMngie detail is, however, gjvaflv I formations mnv he studied.

•bpmrod hv the superficial landslide materials, 
which asHiime a pt*iiion of much local importance.

run ciimi.K <>r i’Kakp.
The main*summits of tin: JSico group arrange 

themselves in harmony with llie domal .structure 
in a circular zone. They arc remarkably uniform

The Kico and upper llennosa beds form n 
Scarp facing the landslide area of C. 1J. C. Hill 
on the northwest ridge from Telescope Mountain 
as .shown in fig. f*. ’Die general si met lire of the 
mountain may also be Seen in this view from expo
sure near the summit.

'Die minor faults of this region me conspicuous

l'J,t;77 fa t, or -ItKjCJ f»rl above. the river nt Ufa*. 
The I Mores Itiver .divides the group into two 

•nearly equal cnsccnla.

KAS’M\»X SUMMITS.

in height, a do>.e» peaks exceeding I2,tj00 feel in j through dislocation of porphyry sheets, while the 
< l< vation, while iho higln-st, Blackhawk, in but I largest fault of the mountains is scarcely identifi

able on the ground.
'Die porphyry intrusions of this section of the 

KicO Mountains arc loss in number and magnitude 
than in any other part, being limited to a few thin 
sheets and dikes in the upper half of the Dolores 

Mvimtaiita xoitth of SUn-r Crab.—While nearly i formation. It is worthy of note, however, that a 
all the- peaks of (lie Uieo group exhibit many large laccolith occurs just, above the Dakota saml- 
chiircietcrisfic features of the local geology, those . sione about one-half mile beyond the northeast cor- 
Iviug to the south of Silver Creek arc most note- | n<»r of the urea covered by the special map, on the 
worthy, because they show not only the dianal j farther side of Barlow Creek. This mass is the 

structure, but the clients of faulting and igneous] Klattop laccolith, a portion of which is shunted in
intrusion, and die sedimentary section is more 
completely displayed than elsewhere, on account 
of the comparatively insignificant development of 
landslide masses.
t Fig. 1 illustrates many features of these peaks 
us seen fnmi the west side of tire Dolores, looking 
pearly due end. The prevalent dip to the south
east is particularly brought out hy certain massive 
limestones of the upper licrmosu, which cross the 
& Kiev.

|V fa,iw .

eriff,-.-- • 
f'Mvt '• ■* •.

llie Tclluritle <|timlr;m"le. It is not clear tlint lliis 
large intrusion has actual genetic connection with 
the Kico center, ns will be explained in the discus
sion of the intrusions under “Geological history.” 

'The landslide phenomena of Telescope Moun
tain proper an: so clearly exhibited in lig. 5 as to 
require little further comment. The actual head 
of the slide area is on the ridge leading southwest

of the principal centers ol eruption. .1 in: por
phyry is here seen to cut across the sediments-. 
Sending off numerous dikes nm.l thin sheets. It 
is full of apparent inclusions nnd is pcnelnitcd by 
many angular arms of the wall rock. Unfortu
nately there has been great decomposition here 
ami in addition the extremely complex relations 
are obscured ton large extent by foil, fares! growth, 
ami wash, so ihnl the representation of the map is 
in some degree diagrammatic. I ft spite of these 
conditions, this locality is an excellent one i 
which to study complex intrusive relations.

JZttijk GPcak.—The westernmost of the Kico 

Mountains exceeding .rDXX) fact in elevation is 
l*7aglc Peak. It lies beyond the line, limiting the 
distribution of visible porphyry mosses ami there
fore presents in least distorted form the simple, 
structural relations of the sedimentary rocks tak
ing part in the doinal structure. Passing from the 
peak along the. ridge to the west one has excellent 
opportunity to examine sections of the L> Plata, 
Mclilmo, and Dakota formniions and lo observe 
the change from the domal structure to that of the 
Dolores Plateau.

Calico Peat.—'Du: variegated coloring exhibited 
by the decomposed rock of this summit, id. the bead 
of Horse Gulch has led to the current name Calico 
Peak. 'Die original porphyry of thin peak has 
been almost completely altered Inn mass of aluuite, 
kaolin, ami quart/., impregnated with pyrite, the 
oxidation of which lias produced the vivid red 
and yellow colors now so striking. Apparently 
the rock occurs ns n small stock, although its 
contacts are concealed by talus or slide. Jt is 
supposed that the reck was similar to the por
phyry of large orthoclase plicnocrysts, of which 
a long dike crosses the slope of Johnny Ihdl 
Mountain, ami which occurs onlv in this vicinity.

The formation of aluuite is referable to sul
phurous emanations, either directly by gases or 
indirectly through waters which have absorbed 
gases. That such activity Ims been specially 
mnrkeil in this vicinity is shown hy existing

ItlHgC I.S (.’M‘1'1 UtU'IV Ct .•.••it.V ♦»! Ho • ...

llie contact.
Although the mon/.onite body is targe ami such 

massive rocks usually cans*: rugged topography. 
Such is not here the, ease. This fact, is probably 
due to the thoroughly shattered condition of the 
stock, leading to rapid destruction of prominences 
by frost. The large number of small knobs and 
knolls, often with pinnacled spurs or summits, 
shunted on tin; north side of Darling Kidge, are 
plainly separated by /.ones of fracture and bivc- 
eiaiion and are themselves crumbling to pieces 
under fro3t action. The assignment of these 
knolls to the landslide area will he discussed in 
the next .section of the text.

Tin: inxkk sun tx oi-* rin: mountains.

.Imoui the preceding description of the domal 
structure of the Kiev Mountains and of the circle 
of prominent peaks it will lx; plain to the reader 
dial the outer slopes of the mountain group exliihit 
simple strm-lnnd relations of sedimentary forma
tions and that igneous masses arc few. It does not 
Seem necessary, therefore, to give further descrip
tions of tin: peripheral portion nf the Uieo dome. 
In the liearl of the numutains, where the strueinra! 
complexities are great, where several Ibrmaiions 
not. ocnirriug elsewhere in the. quadrangle have 
Iiivii revealed hy the deep erosion Of the Ihdorei? 
ami its tributaries?, and where many intrusive 
hoilics nppear, the ease is quite different. Here, 
however, the phenomena of local interest are so 
numerous that the reader must he referred to the 
ltieo report, for the greater pari of the detail; the 
present descriptions will bn confined in certain of 
the larger features of importance, in fact, it is 
not the fundamental relations of the formations, 
but rather the way in which these relations have 
been obscured, which will receive must uttcmirni.

I.AKPfil.tDK AURAS OV UOHSU OULCII.

The map ami figs, tt, ;3, and 0 of the illustration 
sheet show how completely the normal structure
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apparently splits into two or more small sheets 
hefore crossing the river, and many other irregu
larities innv well I*, assumed to exist.

That this large porphyry body is in the main 
of laeeolithie diameter is further indicated hy she 
limited exposure of its ha.se in the workings of the 
South Park mine in .Silver Gulch. Severn! very 
small dikes or sheets of porphyry have hccii 
encountered in the mines of Newman 11 ill.

ufological history.

n: a ii r i:v kxts.

Jniroiiiu’fort;.—The visible record of pre-Ter
tiary events in the geologic development of this 
area lies wholly in the sedimentary formations 
and their stratigraphic relations. From the dis
cussion of the formations already given U appears 
that, the section is nearly like that min-h heller 
exposed, in its lower portions at least, in the Ani
mas Valiev. No marked local characteristic lias 
been observed in the "Rico formations of pro-Ter- 
tiary age, so dint die course of events here can 
only ho assumed to have been that of the sur
rounding province, an outline of which lias been 
presented in the Tclluridq and Silvcrton folios. 
Tor dm present folio it is considered sulikient ;o 
refer very briefly to the history preceding the con
tinental uplift of the* whole sedimentary section, in 
post-Laramie time.

JW-l'tlrosoic cm.—From the study of die 
Needle Mountains and the Animas Canyon sec
tions it appears dint the oldest rocks of this region 
are certain gneisses and schists, supposed to he of 
Archcan age. The next younger series of rocks 
consists largely of igneous material, greatly met
amorphosed and associated with some distinct 
sediments. Following the areumiilalinn of this 
complex came a long jieriod of sedimentation 
during which the Uucompahgrc group of con
glomerates, sandstones, and shales was deposited, 
in market! unconformity with the structures of 
older formations.

While the sequence of events is no; wholly 
clear, it. seems probable that.great folding, fault
ing, and metnmiirpliism of all the rocks as yet 
referred to was the next gnr.tt step in the. history 
of the region. The gneisses ami schists are. pene
trated bv a large number of granite, masses, one 
known important body of gabhro, and many 
small dikes of diahasic rocks. Some of those 
rocks nit the Uucompahgrc strata, and the com
paratively unaltered lexlund condition of these 
intrusive^ appears in indicate that they arc all 
later than the time of the above-mentioned fold
ing to which the Algonkian .sediments were sub
jected.

Thu presence of occasional fragments of granite 
Or schist in the igneous intmrives of the Rico or 
Jsi Plata niunmains shows that these same old 
formations exist beneath later rocks in the country 
west of the Anitnas.

J\tfrn;tiir hitlurij.—Rcforcthc earliest Paleozoic, 
sediments of the region were deposited there was a 
]>eriod of enormous erosion which appears to have 
affected the soul hern Rocky Mountain province 
and prohnbiy large areas of contiguous country. 
A jiencplain of marked churactcr was produced, 
which, oil sinking beneath the later Cumbrian 
sci, beentlie the lloor for the deposition of the 
Ignacio ciuartzile. If that formation is of hfara- 
togan (Upper Cambrian) age, as now believed, it 
is reasonable to reft*:* this great erosion to earlier 
Cambrian time.

Ah will he clear from the description of the Pale
ozoic formations, the epochs of sedimentation dur
ing the Ordovician, Silurian, am! Devonian periods 
must have been alum?! insignificant eompari.il with 
the intervals of tionduparition. The latter, how
ever, wen* certainly not times of continental uplift 
to any urea; elevation above sea level, in this vro*.--

j ones, a land surface near sen level, because the j 
! erosion of the interval was nowhere sufficient to 
1 wholly remove the Onr.iv limestone at any point 

I oltserved on (lie southern slopes of the San dtian 
I region. As stated in a preceding section the 

: absence of the Ouray limestone in the valley of 
, Silver Creek, near Rico, is supjwwed to he due to 
! erosion of (Ids interval. That is, however, the 
’only point adjacent to the trim .hum .Mountains j 

J as yet found where the Ouray is lacking at its | .appropriate place in tin*, section. It may he that.' 
| the anti of greatest elevation mid consequent, cro- 
. stoij, of the lime in question, was west of the Sun 
‘ Juan urea, iu what is now the plateau district.
| The Pennsylvanian sedimentation wan of very 

: dillenait diameter from any that preceded it in the 
^ general area of southwestern Colorado. A long- 

; continued oscillatory movemenl of the earth’s crust 
! caused frequent rci-urrenec of conditions favorable 
! to the deposition of limeslom«, slmlcs, ami Stind-

* stones, forming the complex called the llermosa 
I formation. Without visible break the lbnuosa 
, beds grade into (hose of the Rico (Permo-Penn-
* .sylvanian) ami those into the overlying Cutler
* red beds, hem assigned to the Permian.
j The character of the Onthtr formation is iu gen-

* end much like that of the lower portion of the. 
j “Real Reds” in many oilier places whore no str.U- 

j igniphic lunik separate* them from strata i-oniain- 
j ing a Pennsylvanian fauna. The fact that a break
] is now known to exist above the Cutler beds ron- j 
j dors it iuq>oss:hlc to assume that the Paleozoic, sec- 

t tion of the Sin Juan region is complete. There 
I may have been deposited in this district a consul- . 

1 enible thickness of Permian strata now entirely 
j absent, owing to the pre-Dolores erosion.

* Pre-Dolores uplift atul erosion.—The angular 
^ niicimfiiriiiiiy at Ouray between the Dolores ami 

j older formations testifies to important uplift aficct- 

j ing the entire known Paleozoic section. The 
j geographic, extent- of this uplift remains to he 

j determined. The Cuticr beds were sharply folded 
i in the Ouray district, but apparently the region 
| of maximum disturbance lay to the north and cast 

j of the San Juan, since on the south mid west, no 
! relations of marked unconformity exist between 

j the Dolores and Cutler formations.
j 'Die epoch nf uplift and consequent erosion 
j tinder discussion was followed hy the deposition 
; of the fossiliferons Dolores Simla, but until the 

horizon within the Triassie system represented hy 
those beds lias been determined it is premature to 
assign the erogenic movement (o late Paleozoic 
rather than io early Mesozoic time.

Mesozoic hixtar»/.—Fvidcnec that the Dolores 
formation is of Triassic age has been given. In 
tlie upper Dolores Valiev, as in the Sun Miguel to 
tlic north ami the Animas to the cast, (lie Truussie 
strata arc overlain with apparent conformity hy the 
\a\ Plata formation, yet on the northern side of the 
Sin Juan the Di Plata transgresses the edges of 
older sediments and in places rests on the Aivheati,
demonstrating (hat a period of continental uplift, 
and great erosion intervened between the Dolores 
and l*i Plata epochs. Similar relations arc known 
elsewhere in Colorado.

Whatever decision may ultimately bccrcncliod 
J as to the relations of the Gunnison group as a 
| whole, it is true that the iip|K;r of the assumed

* Jiirnssii: formations, the McFlmo, hears such 
i strong lithologic resemblance, in some of its 
j upper sandstone members, to the Dakota saml- 
| stone, of the Cretaceous that it would be natural 

; to assume that both formations belong to one 
1 t-]>och of sedimentation, rather than that there

was a great stratigraphic break between them,
i involving the whole of Dover Cretaceous lime. 
: The Upper Cretaceous section formerly present
, in the Rico region was doubtless like that which 
! lms mentioned us pr^pnt .south of the La

Plata M luteins. The idmri>nri.*o
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No surface rocks of the Tertiary period now 
exist in the Kico quadrangle, hut it. is necessary 
to refer to rocks of that age which formerly enc
ored the area, in order to discuss intelligently the. 
history of the Rico I^rottttctiiis.

ACCCilUl.ATlO.V OK TIlK TKU.UtltnK COyot-OAUUIATK.

When the ttcncplain produced by erosion fol
lowing the post-tammic uplift had reached a 
certain stage of development the local condition* 
changed, so that a great amount of debris from the 

• ensuing further erosion;of the adjacent mountain

I masses was deposited upon it as a conglomerate. 
This formation, originally called (he >':m Miguel j 

( conglomerate and afterwards renamed tlie Toilu- , 
, ride, acquired a rapidly increasing thickness witd- 
I ward from its border in theSilvcrton •utadRinglc 

j to the San Miguel Mountains. On its herder it is . 
| 00 feet or less thick and U n coarse conglomerate, j 

In Mount Wilson, a f;w miles north of Rico, it is ; 
j about 1000 feet thick and consists nf lint* cough an- ^

I1 crate, sandstone, or shale, the transition in texture ( 

and thickness being clearly exhibited in the inter
mediate area. ’ (

While much of the Telhiridc formation is well 
‘ stratified and apparently of xuliuqueous origin, it 5 
J seems possible that the whole may have been of 

| llnviatile origin, fn any rase it is prehublu that.; 
J the conglomerate was deposited over the IlirO ttrc-’i j 

; with a texture and thickness corresponding to that , 

’ v *• ' • ••• ... 1

lets in a general wav with similar occurrences of 
(lie ksan .Juan area, Korphyritie diovitc, monzon* 
ho, or granite intrusions are known in the Telin- 
ridc and Silvcrtnn quadrangles, am! in some rases 
proof exists that they arc later than some of the 
surface volcanic*. The. epoch of intrusion is, how
ever, not at all clearly determinable with reference 
to tl>e general time srale. The stuck eruptions of 
the Telhiridc ami Milverton areas arc later than 
any known lavas of those districts, mid as the 
liico ami La Plata stocks cut the luecolithio 
intrusions of similar magmas, it. may well he 
that all eruptions of tins type can he referred to 
the same epoch in tlie latter part of the Tertiary.

Ft lias been pointed out that the liico Mountains 
hohmg to the hiceolilhic group of the Henry Moun
tains typo, in spite of local structural failures not 
commonly supposed to exist in some of the sim
ilar centers of intrusion. These genera! considera
tions as to the time of the Kico intrusions have 
undoubtedly a bearing on the question as to the 
age of all the laccoiithic groups of the plateau 
province. The conclusion reached here is in 
accord with that derived from the examination 
of the ICIlc Mountains, Colorado (ree Anthmeito- 
Cresiod Jlnttc folio).

rruvr ok nut mco

It was brought Out in describing the structure ol 
(lie Kico dome that three elements cuter into its 
constitution, namely, donml uplift hy folding, 
igneous intrusion, ami faulting. Whether or not 
(liege arc ail resultant phases of the action of one 
great force Ua question of far-reac!»ing importance. 
The evidence to he found in the Kim Mountain* 
U nianifrslIc inadequate fur the. solution <»f this 
problem. It is dear, however, that the various 
manifestations of dee|>-st“tilcd forces at. this point 
belong to diiicrrm epochs and seem in some par
ticulars indcitendenl of each other.

QuuynorO'Sril f’>i(Vn)<j.—Jt is believed that the 
quaquaveival folding whicii seems to have been 
die principal factor in the elevation of the Kico 
dome look place after the accumulation <*f a con
siderable iliicktiCKS of volcanic rocks from San Juan 
ci*u[»tiooH—lliat is, in the Tertiary period ami pos
sibly in the Kotvne epoch soon tiftew the. formation 
of tlmSan .Item tuff. The erosion which produced 
tlie Telhiridc peneplain would surely lane trun
cated the dome had ilns structure been of Mi*>ozoie 
age. T’liul [dairt is, however, nowhere seen in tlm 
Kico Mountains, although .Klackhawk Leak still 
ri-jrs more than (100 fa*l uhovc the level at which it



• MTUknown important <»*•«l_\* of :*<i*I many
small dikes i»l' diabase* rucks. Some **f these 
rocks nit tin' Uncmupaligro strata, and the eom- 
I tarn lively unaltered textural condition of these 
in mini vcs appears to indicate tint (hoy tiro all 
l:ili*i' than the time of (lie aliove-iuentimud fold- 
in" (o which the Algonkian sediments were sub* 

jectid.
The pn-Mrnec of occasional fragments of granite 

or schist in the igneous intrurives of the Hico or 
!«ii Plata mountains shows that these same ohl 
formations exist Ircmnith later rucks in the country 

uv.<t of the A nimns. *
I’ohuizoir Aix/en/.—Before tin: earliest Paleozoic 

sediments of the region "’no deposited theto was n 
period of enormous erosion which appears to have 
iilbvlcd the southern Pocky Mountain province 
and pnihaldy large areas of contiguous country. 
A peiM'ptain of market! character was produced, 
which, ttii sinking l»einiith the later Cumbrian 
sea, Uranic tl»e Hour for the deposition of the 
Ignacio quartzite. If tint formation is of Kara-' 
lognn (Up|»er Cambrian) age, as now believed, it 
is reasonable to refer this great erosion to curlier 
Ounbrian time.

As will be clear from the description of the Pale* 
nzoic formations, the epochs of sedimentation dur
ing the Ordovician, Silurian, and Devonian periods 
must have 1‘ccn almost insignificant comparetl with 
(he intervals of nomlcpnsilion. The latter, how
ever, were certainly not times of continental uplift 
to any great elevation above sea level, in this prov
ince at least, since, the thin formations of the Igna
cio, ICIburi, and Ouray epochs, though separated 
by intervals representing long periods of land con
ditions, are preserved in almost conformable rein- 
lions in the Animas Valley, a few miles cast of the 
Bico quadrangle. A fuller iltsritHftiim nf I he® feu- 
Inre nf Pulcozmi* history is given in the Ncidhj 
Munutaius folio.

Apparently the deposition uflhcUurtiy limestone 
was continuous from late Devonian into early Car
boniferous (Misrisrippinn) time, and the succeeding 
elevation must have produced, as did the earlier 

Klco.

..f the fu-N-ilif'inus Imbues Minin, ion mull lie; 
Imri/nn within the Triaysic system represented by 
those hods has been delennincd il is prcmnluro 10 

assign the erogenic movement to late Paleozoic 
rather than to early Mesozoic limp.

jV'rsozoic history.—Kvidencc tlmt the .Dolores 
funmitiou is of Trinssic age has boon given, lu 
the upper Dolores Valley, as in the Kan Miguel to 
the north and the Animas to the cast, the Triassic 
stmtii arc overlain with ap]iarcnt conformity by the 
La Plata roriiialion, yet on the northern side of the 
Sun J 11:111 the \*a Plata transgresses the edges of 

older sediments and in places rests 011 the Archean, 
dcmourlmting that a period of continental uplift 
and great erosion intervened between the Dnlurea 
and La Plata epochs. Similar relations are known 
elsewhere in Colorado.

Whatever decision may tiUimatcly he rcnched 
us to the relations of the (Innnison group as :t 
whole, it is true that the upper nf the assumed 
Jurassic formations, the McKhno, bears such 
strong lithologic resemblance, in sonic of its 
upper sandstone members, 10 the Dakota sand
stone of (he Cretaceous 1 lint il would he natural 
to assume that limb formations belong to one 
ejiov'h of sedimentation, rather than tlmt there 
was n groat stratigraphic break between them, 
involving the whole of !>owcr CVcluecons lime.

The Upper Cretaceous section formerly present 

in the ltieO region was doubtless like that which 
has bi-cn mentioned us present. Himtli of tlie .Lu 
Plata Mountains. The alternation of shales and 
sandstones, with numerous coal beds, testifies to 
general conditions similar to those prevailing in 

the Kockv Mountain province, but differing some
what in detail.

7W-/*onimie vplifl and erosion.—That the 
domal folding of the entire Paleozoic and Mesozoic 
Hivliou about (he San .Ilian center occurred in the 

I interval Mtmrdiug the laminin- c|hh*Ii has I teen 
elenrly iv!:ddedii’d and is dbriiKHiri til sonic length 
in the Tclluride folio. Tim local uplifts of the 
Hico and Iji Plata mountains arc imposed iqiou 
that older structure and to some extent obscure it.

liuwaiile oiigtn. lu au\ *m-c 11 is |*u.i.;ou.- tout 
tin; eonglumeralc wax deposited over tin* Biro aiva 
with a texture and thickness corresponding to that 
exhibited in the San Miguel Mountains.

No fossils have been found in (lie Tclluride for
mation, hence its exact ago is unknown. Its rela
tion to the Suit Juan volcanic depots shows it to 
have immediately preceded them and at present it 
ig assumed to be of early Loccnc nge, ahhriugb 
there arc some reasons fur tliinking tlmt theTel- 
luride conglomerate may Ik; correlated with the 
Arapahoe formation of the Denver region, assigned 
to the Post-Laramie part of the Cretaceous on 
pidontiLulogic evidence. A. full discussion of this 
question is given in the Tclluride and Kilvcrlon 

folios.
8AK JUAN V01.CAMC KlOtCTIONS.

The volcauic complex of the Kan Juan region is j 

known to he the result of outbursts of various j 
kimlsamJ with various products, exiending through j 
Tertiary time. The carlo*! eruptions must have * 
followed the deposition of the Tel ride conglom-* 

ate very closely, and it is probable. . 'm 1 lie con
siderable thickness of tufts and lava . ws above 
that formation still remaining in the adj^ mt Kan : 
Miguel and Kan Juan mountains, that the 'ower 
volcanies extended over the UieO area, with a Lock- ’ 
ness perliaps of several thousand feet. This ques
tion is particularly referred to in the Tclluride folio, 
while the explanation of the absence of (be vnl- ( 
eauies in llieiricu summiu is presented below, in , 
the discussion of the origin of the HicO domal 
uplift. ■

IO.VKoCS IXTtU’dOX.I Olf TIIU lUCU AND I.A I'J.AVA 

M0V.VTAIX5.

While no surface volemiics uie now preserved in t 
Uic itiiy) quadrangle^ the numerous intnisive rocks 
which hare been described lielong undouhtetlly lu 
the Tertiary JM'rind. It ir, indnH'. jKwildc that the 
inonzonite or syenite xlock.^ of ihc Itieo ami l-i 
Plata (imlcrs may iv|iivm*iiI rhanncD through 
which extensive oul|KJurings of lava tmik place. 
Be that as it may, there is every reason to cor
relate the igneous phenomena of these local ceu-

• 'ahu iim owiiK* o.ki ‘nip .-.tie Mil** 

ago. That plain if*, however, nowhere »n*n in lit** 
Pico .Mountains, although lllarkhawk lYak slill 
rises more than (AH) fed above the level at which it 
apjH'nrg in Mount Wibnu, a few miles to the north.

'I hc greater part of the uplift which has taken 
place has aOectcd the whole Paleozoic se<ition and 
die underlying Algonkiau rocks and thus the small 
Hico dome comes to show close relationship with 
the much broader Kan Juan uplift. As has Iwn 
stated nlixmly, the most prominent structure in the 
Kan Juan region is pre-Tertiary in origin. Iml there 
was nl.«o uplift in Tertiary lime, and it is ptisyihlc 
that, the Pico dome is synchronous with the later 
elevation ami a result of the same low*. The same 
is true of the l«'t Plain Mountains. But until tin; 
structural history of the Kan Juan region has been 
studied in much greater detail the relation between 
the local upliftof the Biro ami Li Plntn mountains 
;md the. more nearly omimenial movemenis of tlm 
Kail Juan n*gi'm csiti not he thoroughly discussed.

Aye of the tnceolllhlc Intrusions.—The dikes, 
slieets, nml small laccoliths of porphyry in the 
Hico Mountains Itcloug to the group of diorite-, 
mour.ouit(k-, ami grniiitc-|Mjrpliyrios which are s*> 
wide^prc;id in the laeddithie mountain gioii|o> of 
ihc plateau country ami also in Uie mountains 
of Colorado. Tlmt. these rucks are in all these 
instances of approximately the^nme age is a nat
ural conclusion in harmony witli all known facts, 
ntihmigli the definite evidence of Tertiary age is 
found in but few localities.

Kvidcncc at Bico bearing on this- question is 
limited to the general considerations above staled 
as to the age of the domal uplift. Ju the adjacent 
Tclluride and Kuginccr Mountain quadrangles 
there arc large laccolilhie bodies of jmrpbvries 
very similar to rucks of the Bico Mountains, 
and somu of tlu$c arc intruded into volcanic 
rocks, proving llmir Teiiiarv age. But no evi
dence has I»efii found to indicate the jurtindar 
(.-]'"cli of this jH'iii/<l in which the iutnisioim look 
place.

Stock cruptioni and faulting.—lu considering
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the nature of tin* forees which have produced | sion. 'J'he *»:nl of rite rmmzouite is just
the Kieo uplift, it is apparent that there is a close i above the street in lMcdmunt, and there must liave
analogy between the two phases of intrusive art ion 
anti the two phases of stnic.ttir.il uplift, The pri

mary upward preK-mro ut litis center was one to 
which the whole section of Rdeuxoie ami Meso
zoic strata accommodated itself by fouling, stretell
ing, amt no dutibl. hy minor fU?uring. It wonUl 
appear to have been n gradually cxertml pressure, 
of tlto kind assumed to have fmvetl the magmas 
of laccoliths ami analogous sheets between the 

Simla of a Sedimentary complex. Gorirspoml- 
ing to this idea, it is found that the disuucl

linm fissures traversing the stmt:* in the prolonga
tion of the principal axis of the stock. These may 
have given healed solutions the necessary access lo 

i the limestone at the places now seen. Jjo fur as 
oliservod, such -contact nieinmorpbism is con
fined to the zone about the stork, with the cxrejw 
lion of one place in the shattered zone, between 
I he forks of the Klackhawk fault, where gurnet 
masses and specular iron occur near a small por
phyry dike.

Soffuturic notion.—While no evidence can ever
porphyry sheets of (lie Rico Mountains are. the J be discovcivd proving that the surface phenomena
earliest, intrusions.

The fault blocks of the heart of the mountains, 
made up, at the exposures, now scon, of Algoukian 
schists and quartzites. have been thrust up through 
the folded strata with little or no evidence of mn- 
temporaneou-s folding of the adjoining beds, 'fids 
is also the relation of the Darling Ridge monzonite 
stock, as far as can he seen, and also of the sim
ilar stocks of the La Plain, Tellnrido, ami oilier 
neighboring-quadrangles. Such fault blocks and 
such masses of igneous rocks seem alike due to 
forces suddenly exerted, producing vertical frac
ture instead of doming. Willi such an analogy in 
mind, tlac suggestion naturally arises that a mass 
of magma, forming a stock in greater depth, may 
have followed the upthrust blocks now revealed. 
•Such a hypothesis requires the assumption of very

ordinarily known as volcanic attended the deep- 
seated intrusions in the Kieo ..Ionic, certain proc
esses which are generally suptmsed to characterize 
zones near the surface have boon active in the 
horizons now revealed by erosion. One of these 
processes is the decomposition of rocky hy sul
phurous vapors or hy solutions that have absorbed 
those vapors, and the production of alnnitc. This 
yuliytanec is formed at die surface in the crater of 
f^olfaiara, near Naples. and is a common product 
of the sulphurous emanations of volcanoes known 
from this locality as yidfstnric .exhalations. Rut 
the process Is not necessarily connected with sollii- 
tarns of typical volcanoes, am* the term has been 
gradually extended to i*over the •metamorphosing

question. Natural! 
of Tertiary erosion 
Rico district, am) i 
fore, directed to tin 
luring of the Kieo *1 
the rise of the dom- 
'fcrliary period, :iii- 

day, although disci 
Glacial emMoii. T 
that of whidi rvi<- 
necessarily the carl 
explained in a lain 

&u!plut'int] of t, 
the Rico dome tin 
the frrn Juan cm 
::1! sides hv stivan 
ably determined I* 
eanic materials. r 
the stream courses 
ntion hv lava Jluw- 
sal ion of volcanic 
maintain the vmtrs 
channel and snppi 
canyon into the «v 
Si<*ms probable that 
its present course p 
llico dome, since, s-. 
time the dome was 
for the devuiopnii*

action often consequent on eruptions whidi have its slo]**, it is dilii-
(lie nulia! streams ll 
fiO distinct an mlv: 
would finally cause

_. m, t . . 4 , „ Keen accompanied hy mineralt/.iiig agents of sul-
tlirect connection huLwccn the propelling forces of j phurous character, even wiien taking place in 

magmas and those of structural uplift. . depth.
Connection bet treen fvtdiiu; and intrusion.—If ’ The orlhoclnse-bearing porphyry hicks of Calico relations of hunt a 

folding and intrusion sit- the Kieo center lie referred j Leak lias been almost wholly decomposed by such 1 the north of the do 

to the action of the name great force, it is difficult agents, aluuile and kaolin being the principal diversion or the ra 
to explain why larger amounts of magma were not products. dope must, have !••

ern branch of the i 
stream originating

intruded into the strata of the Rico dome, in view 
of the large porphyry masses of probably contem
poraneous origin occurring near at hand in com
paratively undisturbed.beds. The Flattop mass of 
porphyry, exceeding in hulk all the sheets of the 
Rico Mountains put together, occurs just at the 
northeast base of the dome, Imt similar large 
bodies occur on the San Miguel River in the Tel- 
Juridc quadrangle, liO miles from llic. Rico uplift, 
ami another occurs in Hermosc I’cak, n fmv miles 
to the cast. The stocks of the Tdluridc quad
rangle apjH-ar likewise to he distributed without 
visible relation to any structure of the sedimentary 
formations. In other wordy, it. appears to he the 
case that, while laccolithie intrusions and stock 
eruptions have occurred at. the Kieo and La IMata 
centers, both forms of intrusion have also taken 
place not. far away in much greater volume, at 
points seemingly independent of such centers. It 
is to he hoped that, mere extended studies of the 
.San Juan ami adjacent regions may throw light 
on the rotations of these various phases of intru
sion of magmas to structural movements of the 
earth.

PIICNOMK.VA COJT.\‘KCTlil> WITH tONIUHJS IXTIOISJn.V.

Aside from the mechanical features of intrusion, 
which have been referred to, the principal phenom
ena connected with ihc igneous intrusions oft hu Rico 
Mountains are those of contemporaneous metamor- 
pliiam and of sol fat a tie exhalation which appeai-y 
to have continued down to the present time.

Kxutintj sulphur springs.—It is especially note
worthy, in conmvlijn with the evidence above w
given of former inton.se eolfataric action, that there j Rico dome couhl I 
are numerous springs of water heavily charged j through the hard ♦ 
with .sttlphuruicd hydrogen issuing io-tlay frmu 
the slupcs of Stoner and .Johnny Bull crocks and 
of other tributaries of the West Dolores north of 
Johnny Lull Creek. The waters of these springy 
arc surface waters, ay they are influenced directly 
hy t.he rainfall of the season and dry up at. times, 
hut the sulphurous gases c-scapc continuously.
The exclusive presence of these sr -tgs on the 
west side of tiie dome, extending .oin tlie imme
diate vicinity of the solfausr center nt Calico 
Peak toward the West Dole suggests that these 
exhalations really belong U. a later solfatnric. period 
of this eruptive center.

lecp trench * 
one imrosiTiox. j . , ,! llic volcanic rocks u

After the uplift of the Rico dome, the intrusion crcd tlie region, and 
of the igneous rocks, and at least a portion of tlie mutuary rocks, upm 
fault Assuring there was a period of extensive ore This erosion belong- 
<!?|X>siiiou in the rocks now forming the Rico It was succeeded I*.' 
Mountains. While the age of the ore deposits can cut epoch as nrhitn* 
not. he closely determine.!, it :s in every way proli- of the* distinct uplift

side of tlie dome sli 
The actual iimiii 
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not been removed . 
Wilson, to the non 
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cut r. devil

Contact mda morph ism.—Contact inclninorphisin i die v.vsi 

of the calcareous strata adjacent to the. monzonite } tbnee at

able that they correspond i:i time* to tin*, deposits ! Willi the duwnw 
uf the La IMata Mountains and that tiny belong to been cemcomilani 
tiie great epoch of ore dcposiiion which sncetidcil 
tiie early Tertiary igneous imrusions or uior* typi- 
<^il volcanic enqitions in many parts of the Rocky 
Mountains. Apparently the more typical laccu- 

j litliit; mnuiiiain groups of tii--- plateau country io

evidence iti llic innu 
some 10 milts or s«» 
beds about *100 fvt 
sliowing t.he Ibnif. 
and i:ulic:iting an

st do not contain ore deposits in an alien- | Tlie elTcc: «»f crush 
it all corresponding to their development in J lieen as if the. rivi 

stock is very pronounced at nearly nil places where } the Li IMata ami Rico mmnuains, hut whether J the presen' pu>itim> 
thesft rocks arc exposed in the vicinity ot the! dial fact is cmm-i-tod with ::ioir sttmuion remote | gullies l:ad vomplct*
intrusive, llm elm racier of the altcnuton is sttcii ! from tin* givnt centers of eruptive activity or widi R is beiieved. !m»w»*\
as might i>c expected from the action of mineral- I focal emtscaj can not now he d.eicrinineJ. Jt would, have (rtviinvd, hut 

izing agents, as chlorine, flutirinc, and healed ‘ however, iqtpear natural titat more extensive depo- ■ no Records lavaux* • 
water carrying those gases and perhaps others irilion of or* minerals si mu Id uecur in a truier like culling its channel 
in solution. Tim metatnorpliism rnfertvd to eon- the Rico Mountains, where there !ms been so 1 its valley, so that ll.
sist* in tiie formation of garnet, pyroxene, vo;tt- * unusual mi amount of fi.*jsv.ring, ail'onkug chan-| cned, ami under

viaiihe (?J, and possddy other silicates ot nlnmina, nL*ls lbr the ciivulation of met.d-Iicaring .sohdions. lion iho naqi'-s of ih

rctluctd without th« 
The softm rock'-- f

with magnesia, iron, time, ami in tlie dc|n»si- * 
tton of specular iron in Scales, either impregnating
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•lorn cm! of the monznnite is just 
t in Piedmont. ;md there must have 
m vend tig the strata in the prolong* 
ivipal axis of the Stock. These may 

• led solutions the ncccHsarv access to 
•it the places now sect*. So far ns 
.1 ctmlmtl metamorphism is con

ic about the stock, with the excep- 
tnee in the shattered zone, between 
he Klarkhawk fault, where garnet 
rttlar iron occur nparuBinall pnr-

'em.—While no evidence can ever 
•roving that the surface phenomena 
wu as volcanic attended the deep- 
is in (lie Rico dome, certain pme- 
gencraliy supposed to chnnicierizc 
surface have been active in the 

••voided hy erosion. One of these 

• docvimporiiion of rocks hy sul- 
•»r hy solutions that have absorbed 
d the production of sihmitc. This 
nml at the surface in the enter of 
VapUt*. nml is a common product 
ns cmanmions of volcanoes known 
hy its solfninric exhalations. Rut 
•1 necessarily connected with solfa- 
cnli-anons, ami the term has been 

diil to cover the metamorphosing 
•sequent. on eruptions which have 
•-.1 hy mineralizing agents of sui
ter. oven when taking place in

question. Naturally the work of distinct epochs 
of Tertiary crustou cm not bo recognized in the 
Rico district, and flic present discussion is, there
fore. directed to the local problem as to the sculp
turing of the llico dome. This emsion began with 
the rise of the dome, at some unknown time in the 
Tertiary period, nml has continued to the present, 
day, although discussion is here confuted to pre- 
(ilucial erosion. The glaciation here referred to is 
thal of which evidence is observable, and is not 
necessarily the earliest of (lie region, sin will he 
explained in a later paragraph.

Se-ttlplnrhttj of ihr dome.—At the inception of 
the Kico dome die volcanic rocks which covered 
the San .liian country were being attacked nit 
all sides hy shrams whose positions were prob
ably determined hy the distribution of the vol
canic materials, kio long as eruption continued 
the Stream courses were constantly liable to alter
ation hv lava flows, hut with the iemjmrarv ces
sation of volcanic activity each siwnu would 
maintain the course it then held. deepening* its 
eliaium! ami sapping at its head in extend its 
canyon into the central mnmiiaitious region. Jr 
seems probable that the Oolorrs Kivrr had asiiimcd 
its present. course, previous, to the. forutafion of the 
Rico dome, since, supposing that I lie surface at the 
time the dome way formed was sufficiently smooth 
for the development of consequent drainage on 
its slopes, it is diliicnlt to understand how one of 
the radial streams thus resulting could have gained 
so distinct an advantage over the others that it 

J would finally cause their complete diversion. The 
-hearing porphyry mass of Calico j relations of Iiard ami soft rocks in the region to 

boost wholly decomposed liy such ! the north of t!ie dome an: such that it seems as if 

:iiiil kaolin being the principal ' diversion of tlie radial streams oil the northern
slope must have been accomplished by the west

er riprii’tj'.—It is especially note- j ern branch of the Oolores River long before :mv 

• ••clion with the evidence above i stream originating cm the southern slope of the 
•uteusc sulfijtnric action, (hat there | Rico dome could have cut its valley backward 
•rings of water heavily charged through the hard core of the group to the north 
1 hydrogen issuing to-dav from ^ side of thu dome Ktructuru.

uer ami Johnny Hull creeks and j The actual amount of erosion since. the. Uivo 
.•■jj of (lie West Oolorrs north of ! uplift-can not hr estimated, since its efilvls an* not 
■ k. The waters of (Iiopc springs j separable from tlmye of the epoch preceding, R 

an they are influence'! directly j is believed, however, that ;lm volcanic rocks had 
the season and dry up at times, j not been removed entirely and that, as in Mount 

•ms pisos escape continuously. J Wilson, to the north, sediments above those now 

•vscnce of these springs on the ■ exposed were present, up into dm Mam-os shale, at 
!mnc, extending from tin: iinint:- j the time* of uplift-, 

the ynlfntarjc center at f’afir<* W’li.•»),,••• th- I W.k.tw .* i.... t.. ..

The mnnzoniie stock on the west side ofp; 

river has been sufficiently resistant to form a,<r 

both south of Aztec Gulch ami in the nuiin/iii 
south of Horse Gulch, though in neither place! 
it reach to ns high an elevation as the ]>0rph; 
of the adjacent peaks.

The distribution of the hiecolithic porpS1 
masses in the upper part, of the Tkdores fort' 
has determined the zonal grouping of the pri; 
mountain peaks about the center of the domcjk§

Imv. In fact, it is to these porphyries tliaj 
Kico Mountains owe their existence, Had')! 

not been encountered 
in dissecting would have 
molding scarcely different from that which';:]!"^

June impressed upon the ndjaeonl areas 
men (ary rocks; die concentric outcrops ij'
harder IiPjIu u-mifit l>n Avm-Acct..l in bnAll«*£5ir^rB®.\ricliSiV*?£5c<!rV»expressed hi
curving ridges, but tlic general elevation 
have Iwn much leas than at present.

OI.ACIATIOX OK TUB niCO MOUNTAINS.

It is known that the higher portionsof tltelj 

.hum region were practically coveixtl by ao/c 
sheet during a bile stage of the Ulacial cw 
Tt is, therefore, not strange to find evidigeSj 

of recent local glaciers in the "Kico Mounts 
Unisons exist for believing that the San JrcJ 
Mountains were also glaciated in an earlier ,fojv£| 
lion of the Glacial epoch, but evidence 
on this question is found in the Kico tltsta&|g 
mdv.in certain high-level gravels of the lk>b*c^

v»‘>y- ;. ,
Evidence of recent gfaiuafion.—The rccort$[$ 

glacieis in the KicO Mountains is seen in 
. topographic forms, in rock scoring, ami in'seS^
I imdntions of dfibris, but none of these is i........p.3^,

1 prominent or c.banuaeristic, from which it nppc^u& 

Mliat because of their somewhat. lower altitude 
j their isolation the Rico Mountains were noftgS 

completely dominated hv die ice as were 
; higher mmintains adjacent. They formed u 
center of accumulation, and though the hiisius'^i^E 

j Uico were pruhnldy deeply Imricd in snow 
| were but few places in which the aecuimilaHe&^^sg^s

.jm

mm

x -i • -“r'n

f length of time seems dear from the absence’^sl^'BEJ^&iiHw 

t market! glacial cirques or ampliilimntciy in ’ *• +



.nigh* apjnar likewise in be distribut'd uiilioul 
visible relation to ;inv structure nf the sedimentary 
formations. In oilier words, it appears to l»c IIm* 
.;isc that, while laceolithie intrusions mtd stock 
eruption* have. occurred at. the Itien ami Ls Plain
• •enters, Imtli forma of itilrn.sioi) have also Inkcn 
|kl:ic*i: not jiir away in much greater volume, at 
jrointi seemingly independent of sncli conteiw. It 
is to In: hoped that more extemUd studios of the 
-am .hum mill adjacent regions may throw light
• .it the relations of these various phases of ititnt- 

-11011 of magmas to Structural movements of the 

"ii rill.

rHKXOMKSA COy.VISCTEM WITH IGNEOUS INTttUSION.

Aside from the mechanical features of inlnijion, 

which have I>o<mi referred to, the principal pheumu- 

•n a connected with the igneous intrusions oft lie Kico 
Mountains are those of contemporaneous metninor- 
phism and of solfatarie exhalation wliieli appears 
in huvv roniinned down to tin: present. time.

(.’•iflurf uirfitnuji-jtlti/iiii.—Contact metamurphism
• if the calcareous strata udjuecnt to the monzonilc 
•took is very pronounced at nearly alt places where 
these rocks arc exposed in the vicinity of the 
intrusive. The. character of the alteration is such 
as might he expected from the action of mineral- 
iz.ing ngents, as chlorine, llttorino, and heated 
water carrying those gases and perhaps others 
hi solution. The metnmorphism referred to con
us;:? in the formation of garnet, pyroxene, vesu- 
vianito (?), and possibly other si lieu tin of alumina, 
ci111 magnesia, iron, and lime, and in (ho deposi- 
ion of specular iron in scales, either impregnating

.he rocks or. more commonly, in thin crusts in 
fissure.*?. 8ucli alteration of the calcareous Simla 

may he seen on the north side of Darling llidge, 
near the hlovyout in Mlutsc. Gulch, and down near 
Piedmont. If the metamorphosed stratum is a 
‘iiui'St<»nc the matrix for tin- silicates named is 
usually while crystalline ninrhle.

The great mi'iamorphisin of the Devonian limc- 
•tmic in Ih<: Dolores Valley at l\ico is so clearly of 
the kind di^eriUd that, it is considered probable 
that this change is also due to the monzonitc intru-

"I In; exclusive presence of these spring* on the 
west side of the dome, extending from the imme
diate vicinity of the sulfutarie center at Calico 
Peak toward the West Dolores, suggests that these, 
exhalations really belong to a Inter solfatarie period 
of this eruptive center.

one DEcosmox.

After the uplift of the KicO dome, the intrusion 
of the igneous rocks, and at least a portion of the 
fault fissuring there was a period of extensive ore 
depositbm in the rocks now forming the Jtico 
Mountains. While the age of the ore deposit* can 
not be closely determined, it is in every way prob
able that they corvcc;>Otul in time to the dcjiosite 
of ihc l«a Plata Mountains and that they belong to 
the great epoch of ore deposition which succeeded 
the early Tertiary igneous intrusions or more typi
cal volcanic eruptions it: many parts of the Uoeky 
Mountains. Apparently the more typical laeeO- 
lit.liic mountain g< nips of the plateau country to 
the west do not contain ore deposits in an abun
dance at all corresponding to their development in 
the lai Plata and 'Pico mountains, but whether 
that fact is connected with their situation remote 
from the groat centers of eruptive, activity or with 
local causes can not. now lie determined. It would, 
however, appear natural that more extensive depo
sition of ore minerals should occur in a center like 
the Uico Mountains, where there has been so 
unusual an amount of lissuring. affording chan
nels for the circulation of metal-bearing solutions.

inioftiuN <>K Tint iueo j»*mk.

6Vm:r«/ strtlnnw/.—The San .Juan and adjacent, 
country appears to have been a continental (met 
during the whole of Tertiary time. Erosion must, 
therefore, have been continually in progress dur
ing that, period. The work of degradation was 
repeatedly interrupted and in gn*al measure 
tniilime by vast, volcanic tieetimulalions in sev
eral dilferent epnehs. Further, the erosive power 
of streams varied greatly, according to the alter
nating elevation or subsidence of the region, 
which probably continued during the period in

exposed were present, up into the Mam*os shale, at 
the lime. of uplift.

Whether the Dolores was Hmving in a shallow 
valley or deep eauyou previous to the domal uplift 
at Mieo can not bo surmised, but. before the com
pletion of the Structure the xiroum laid doubtless 

cut a deep trench well down Inward the base of 
the volcanic rocks which are supposed to have cov
ered the region, and |»o.=.sihly into the Mesozoic.setli- 
mentary rock*, upon which they probably rested. 
'Phis erosion belonged to the epoch of deformation.
11 was succeeded by roniinned erosion of tin* pres
ent epoch as arbitrarily limited bv the completion 
of (be distinct uplift.

With the downward cutting there has doubtless 
been concomitant elevation, but of this there is no 
evidence in the immediate vicinity of Kieo, though 
some If* miles Or $o to the sourh there are gravel 
beds about. «|tll,t feel, above the present, valley floor, 
showing the firmer position of the stream bed 
ami indicating an uplift since their deposition. 
The effect of erosion within (lie mountains lias 
been us if the river had nil its way at once to 
the present position and then side streams and 
gullies had completed the grading of the slopes. 
It is believed, however, that, several distinct uplifts 
have occurred, but the pauses between them left 
no records because of the facl (bat the river was 
culling its channel and not-at any time widening 
its volley, so that the valley was smvcssivcly deejo 
ened. and under conditions of heavy precipita
tion the slopes of the valley walls were gradually 
reduced without the production of terraces.

1 he roller rocks have been carved nwuv, leaving 
the more indurate a* dills or steep slopes between 
more gentle activities ami determining the posi
tions of the main mountain masses. The rocks 
which have been sufficiently massive to form 
mountain cap* are mostly intruded porphyries, 
though the l<a I Mata sandstone always rises as a 
knoh above, llm general level of (he adjacent, ridges. 
()f the fc.w high peaks capped by other sediments 
than Da I Mala, telescope Mountain is llm oulv one 
not protected hy n very massive shirt of porphyry 
lying within IUU to 200 feet of the lop.

length of lime, seems clear from the absence of 
mark'd glacial ciripte* or amphitheaters in the 
higher mountains. 'Jim basin at tin: head of the 
small gulch next cast of Allyu (dutch, in the east- 
ern part of the.group, is the Only one of the region 
which strongly resembles a typical einpm. It is 
also noteworthy (hat the side gulches of the moun
tains seldom possess the profile outline eliarae- 
lerislie of valleys filled by glaciers, the only two 
exhibiting the U-shaped form being Silver and 
I lorsc gulches, llm largest ami deepest of the group.

Slriijled or grooved rock faces have been noted 
in several places, notably in Dead wood and Silver 
gulches tmd near the head of Johnny Hull Creek, 
west of Calico I’eak.

(ilacial debris retains distinct morainal form 
only on the southeastern slopes of the mountain?, 
at tlnj lu;ad of two hnimdicH of Scotch Creek, in 
the Juigincer Mountain <piadrangle. Mlicse were 
deposited hy short glaciers of small dimensions. 
In Other placi-s flu; gravels supposed to be of gla
cial origin tiro, mingled with avalanche, landslide, 
or wash dclu is, ami con hi not he shown on (lie 
map. They occur on various ridges or mountain 
slopes and in certain gulches, ami details of their 
observed distribution were given in the J<icO 

report.
M he rounded ridge at (he entrance to the vallcv 

of .Silver Creek lias nn external appearance similar 
to that of knmes or <9>kere, hut it is really com
posed of sedimentary rocks and intrusive porphyry 
ami is merely capped l*v gravels. It is conse- 
'pieutly a form of erosion rather than of con
strue! ion.

Collectively tlm phenomena observed arc believed 

to warrant tin; conclusion that (rue glacial stream* 
at one time existed on the southeastern slopes of 
the mountains, in the valley of Silver Creek and 
its tributaries, and in Ocadwood Ouleh, find that 
in the upper pari of Horse Gulch there were 
important. accumulalioiiH of ice which may or may 
not have reached into the lower part, of llm val
ley. If others existed, their marks have been 
obscured by surface materials of another origin 
or by recent erosion.

\i \
, i ...
j.. *
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T'alley i/mvcl* ir/alaf In glacial 
group of gravel deposits which may be tentatively 
referred to t!ic close of the recent ^WisconxiuJ 
stage of glaciation occurs in the Dolores Valiev at 
ninny poiul« from the Kico Mountains downward. 
These gravels are seen in the terrace upon which 
the town of Rico is partly huilt, and on tliu similar 
nml probably corresponding bench whieii iKeai* 
about *10 or .00 foci above the river he*l north of 
the mouth of Sulphur Creek. The gravels arc 
best exposed in the cutting for the roadway to 
the railroad station at Rico, hut arc known to 
form tlie edge of tlic terrace for nearly lialf a 
mile to the smith. Occasional remnants of cor
responding gravel benches occur down tlie 1 Mores 
River as far as the mouth of Rear Crock. South 
from Montclores the bench is from U) to 30 fee! 
above tlie present stream, and it. seems to slope, 
down the valley at a slightly greater grade than 
that of the .Dolores River. This bench is not 
entirely dcpnsitioual, since occasional exposures 
show rock in place. Jug;, north of the mouth 
of Hyman Creek the inclined and truncated 
edges of I tic Cutler hot is tire shown to he cov
ered by a thin ripping of gravel, ami oust of 
Montclores the eroded surface, of the porphyry is 
but partially concealed.

hess conspicuous remnants of a grave! terrace, 
occur along the Roar Creek flat. This terrace is 
at about the same elevation above the present 
stream as the Dolores termre and seems to he 
closely related to it genetically. At the angle of 
tlie union of the streams a terrace, remnant appears 
to be common to both. The terrace gravels of 
Bear Creek came, of course, from tlie hu I'lntn, 
Mountains. West of the month of Rear Creek 
this bench is inconspicuous or wanting. It seems 
probable that these Dolores Valley gravels repre
sent the scanty morainal materials of the Kico 
glaciers transported am) dejmsiu’d. The amount 
of stream milting below the gmvol-eovored ter
races is consistent with this idea.

Anrir.nl ylacinl (/) nmrcU.—Coarse gravel or 
bowlder beds, which from their position suggest a 
considerable former extent of such materials, occur 
at numerous points in the JJolorcs Valley at sev
eral hundred feet above the present stream. The. 
most northerly of these observed occurrences is 
on the ridge youth of Aztec Gulch, near Kim, 
where, at an elevation of OntK) feet, or about 700 
feet above the river, an excavation in the wooded 
surface reveals a mass of very round bowlders 
lying in fine gravel. Among the rocks repre
sented arc blue limestone, greenish sandstone, and 
vein quartz. The bowlder* arc very unlike the 
angular fragments winch are sparingly scattered 
about the surface. These angular blocks, often 
•*> feet, or more in diameter, seem to have come 
from up the river, for red Dolores sandstone is 
common among them. Jiowldcr gravels have also 
been exposed at a lower level on this same ridge in 
prospects near the line of the Calumet, vein, about 
300 feet above (lie river.

On the slope below the tufa bench south of Sul
phur Creek, southwest of Kico, at about 300 feet 
above the river, there are several patches of coarse 
gravel beds. Among the fragments noticed here 
was one block, nearly !l Orel in diameter, of the 
peculiar ImruMcmlic porphyry known onlv in 
dikes in the Algonkinn schists above Rico.

Farther down the Dolores Valley other similar 
gravel patches occur at this general level of 300 
feet above the river. 'They are espec.iullv well 
shown on the wire: side of tlie river between Sny
der's ranch and Kit) f.ndo and have been noted 
also near tlie mouth of Rear Creek. I’osdldy 
they occur in small remnants much farther down * 
the river. A specially good exposure was noted 
near the mouth of Temlcrfooi (Y«vk, whore the 
pebbles average aht::i; A or n inches in diameter,

character of tlie ‘bowlders and the monger evi
dence concerning their origin scarcely warrants 
the assumption of any particular relation to 
more ancient glaciation. Gravels of high level 
tire abundant on ail sides of tlm Sati 3nan, and 
in the forthcoming Onmv folio strong evidence 
indicating a pn-Wisconsiu glaciation will bo 
given.

. LAXU'U.tURS.

The landslide areas of the .Rico Mountains, 
which assume unusual importance, have been 
described as to their character and local distri
bution, and it remains to refer briefly to their 
age. and the. evidence of their origin. A much 
fuller treatment of the subject is given in the 
Kico report.

Aye of /hr. htmUinlcj.—The epoch of the Rico 
landslides may he said to extend backward from the 
present day m their beginning, ala remote period 
not accurately dciermimdde. From the great num
ber of the. slides in this limited region nml the con
ditions of their distribution it must be assumed 
that they are primarily due to some very unusual 
force, shattering ihc rocks to a remarkable degree 
and principally exerted at. the .beginning of the 
landslide epoch. It is liiorcforGof prime interest 
to ascertain when those slides began. •

Of all the phenomo.ua of Quaternary ago. in this 
region there is none affording definite proof hs to 
tlie remoteness of the time at which the fractur
ing of the Ibrmmious took place. Tlie principal 
changes in the topography since the iamUlidis 
Itcgun have het'ii caused by the slides thcmsclvts. 
There has been practically no erosion in the 
Dolores Valley or in tlie more evenly graded 
reaches of its local tributaries in the landslide 
epoch. All the distinct alluvial formations, as 
liom! plains and tlie fans or aprons at llm mouths 
of streams tributary to the Dolores, arc referable 
to activities during the landslide epoch. Even 
the glacial deposits seem to afford little evidence as 
to tlie age of the first landslides. Tlie main traces 
of glacial deposits arc in ihc eastern portion of 
the Rico Mountains, where landslides have not 
occurred; ami the gravel deposits, which seem to 
he of glacial origin, have in most cases been more 
nr less rearranged, so that little weight, can be 
placed mi conclusions drawn from their prwent 
position. The landslide, period was apparently 
contemporaneous with ihc glaciation, or nearly so.

JU'htlious to topography, — From the details 
regarding the various slide areas which have 
already been given and from the illustrations, 
it is evident that the. tojiography of the Rico 
Mountains had acquired almost the detail it now 
exhibits when the landslides began. The only 
considerable modification of that topography in 
(he- intervening time to the present has come 
directly from the landslides or indirectly through 
the rapid breaking down of the principal slide 
areas. The valley of the Dolores, at the foot of 
G. II. 0. ltd), must have been of the exact type 
now seen above Marguerite Draw. The stream 
bed of Horse Creek has plainly been interrupted 
bv the. Puzzle slide.

The primary conditions for a landslide may ho 
generally suited as a thoroughly fractured state of 
the rocks mi steep slopes, permitting tin: force of 
gravity to cause tlie fall; and were all the rocks 
of a mountain district to he uniformly shattered 
the mountains of most precipitous and irregular 
form would naturally experience the most exten
sive landslide action. Rut in the Kico district 
Home, of the most rugged nnmuiain.-: have under
gone no visible degradation by landslips, even in 
the heart of the area mas; affected. .Sandstone 
Mountain is the most striking instance of this 
immunity.

Ilrlafi, -Jury Qmi/ry,ittr/j ;,la’'.>oinCon.— The
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permeable is the mass beneath to die rain thai falls 
upon It and to the snow water.

Chte effect of this saturation by circulating waters 
has been to keep the fracture lines of attrition mat
ter am! many layers of crushed grimly shale in a 
80ft condition, favorablc io the slipping of more or 
lew? extensive masses whenever the support weak
ened sufficiently. Secondary slides of ibis sort 
must have hecn frequent ever since- the original 
shattering of the formations, and they arc still 
taking place, e*

The more exposed and isolated landslide blocks, 
if prevented from further slipping cn masse, break 
up gradually, while a talus slope or an avalanche 
track often denotes the course of the. more rapid 
disintegration.

Origin of the landslides.—The immediate cause 
of the Rico landslides is manifestly the very unusu
ally shattered condition of the rock formations on 
steep slopes, and t lie discussion of origin must he 
directed to the seat and nature of the force to which 
the intense shattering is due. The evidence* con
cerning this force contained in the observation# 
which have lieen recorded may he summarized us 
follows:

1. The principal landslides arc confined to a 

Small circular area id the heart of the Rico uplift, 

hut do not cover all of that area.
2. The slides are more recent than the topo

graphic details of the mountains and valleys, 
except Only some recent ami minor features.

15. Thu shuttering of the rock varies locally in 
degree.

♦t. The shattering is independent of lithologic 
character and structuml attitude of the formation, 
and there w nothing in either of these conditions 
especially favorable to landslides.

;*». The principal landslide slopts aiv in tin: 
courses of many known faults, but several intensely 
faulted areas of nigged topography do not exhibit 
landslides.

0. Ninny fault veins seem to have been opened 
again by ihe shock producing the shattering of the 
formations.

7. The shattering extends below the surface zone 
of actual sliding and to unknown depths.

Tim consideration of nil observed facts leads !<,* 
the comprehensive, statement that in geologically 
verv recent iime a part of the i-entral pinion of 
the Kieo Mountains suffered a severe shock, shat
tering the rocks at the surface and to unknown 
depths. As a result of this shatterin'; many land
slides have occurred where Other conditions were 

favorable. TuR shcck mn*f have had its source

at an elevation of 700 feet above the Dolores River 
on the. northern edge of the monzoaitc arm from 
Darling Ridge, are of Glacial origin, they indicate 
a much greater accumulation of such debris in the 
vnlie.v than would lie Suggested by any other occur
rences. Rut even if they arc Glacial, the recent 
work of the river seems to have hecn largely flie 
removal of the gravels, with little cutting into the 
underlying rock. In Dead wood am! AHyn gulches 
the streams lane cut. down through the unconsol
idated gravels of Glacial origin, but this is a task 
which they could have easily accomplished in a 
short time. Similar indications of the small effect 
of post-Oliieial bed-rock erosion arc seen in Silver 
Creek, where the stream has locally excavated nar
row canyons in the wider valley of Glacial origin, 
but these canyons have in no instance exposed the 
bed rock to a depth of more than possibly 20 feet, 
and in many places the stream is working on 
debris of very recent origin, which has been thrown 
into its channel from the side gulches and ravines. 
All the evidence serves to point to the recency of 
the Glacial occupation and to the small amount 
of crnsimi which has since ensued. The present 
topography is in no essential feature different-from 
what it was previous to the accumulation of the 
ice. llvfnre that the streams had found their pres
ent courses and had practically assumed their pres
ent grades.

In the higher parts of the mountains, however, 
the ordinary atmospheric agencies have Uvn active 
ami largo amounts of talus and slide rock are seen 
on many of the steeper slopes.

jifudificolioiL of topography by dcjwsition.—The 
greatest change in the topography of the region 
since the great erosion has been effected through 
the agency of landslides. Throughout the larger 
tracts which are shown On the map the land
slides have modified the firm of (he ridges and 
mountain slopes and have to some degree filled up 
/hr valley liolfoms, especially of the Dolores oppo
site C. H. (’. Hill and of Horse Creek. Appar
ently flic streams in their lower courses liave not 
ns vet .been able entirely to remove tbit? landslide 
debris.

In the valley of the Dolores there are various 
deposits of st tea a i gravels, and the map shows the 
distribution of the more recent deposits. Rem
nants of terraces in several places indicate former 
deposits, but these are not always clearly distin
guishable from debris of other origin.

ACIdlc (lie lateral tributaries of ihc Dolores have 
no bottom deposits of importance, several of them 
havi« hntlt up very derided alluvial roue.? at their



where, at :tn elevation of feel, or about 7<Ht
feet above the river, an excavation in the wooded 
surface reveals a in:iy of very round bowlders 
lying in line gravel. Among (lie rocks repre
sented arc blue limestone, greenish sandstone, am) 
vein quartz. 'Die bowlders arc very unlike the 
angular fragments which arc sparingly stuttered 
about tin* surface. Those angular blocks, often 
o feet or more in diameter, scorn to have come 
from tip the river, for rod .Dolores sandstone is 
common among them. Kowldcr gravels have also 
been exposed at a lower level on this same ridge in 
prospects near the line of the Calumet vein, about. 
3UU fed above the river.

On the slope below the tuft bench south of Sul
phur Clock, southwest of Kieo, at, about. buO feet, 
above the river, there are several patches of coarse 
gravel beds. Among the fragments noticed here 

wag une bloc!;, nearly M fed in diameter, of the 
peculiar Jiornldcndie porphyry known oulv in 
dikes in the Algonklaii schists.above Kieo.

Farther down (lie Dolores Valley oilier similar 
gravel patches occur at this general level of $00 
feet above the river. They are especially well 
slm\yn on the west side of the river between •Sny
der’s ranch and Kio Kndo and have Iteen noted 
also near the iiioulh of Dear Creek. .Possibly 
they omir in small remnants mueh farther down 
the river. A specially good exposure was noted 
near the mouth of Tenderfoot Creek, where (lie 
pebbles average about d or o inches in diameter, 
though some reach J> or I) inches. Among (lie 
rocks represented here are porphyries, sandstone, 
limestone, quartzite, vein quartz., and shale.

These high-level bowlder beds are considered as 
mere remnants of important deposits belonging to 
the epoch when the Hour uf the valley was bUO feet 
or more above its present stream bed. From the 
evidence, common in southwestern Colorado, of 
alight stream erosion since the last Glacial cpocli, il 
would seem noixsary to conclude that the gravels 
under discussion :m: older than the recent (Wis
consin) singe of glaciation, tbit the walerworn

position. The lamUlidu period was apparently 
oontetnpuwiicouH xvidi the glaciation, or nearly so.

Helalions to tojmtjroplnj.—.From ttic details 
regarding the various slide areas which have 
already been given and from the illustrations, 
it is evident that the topography of the Kieo 
Mountains had acquired almost the detail it now 
exhibits when the landslides began. The only 
considerable modification of that topography in 
the intervening lime to the present has conic 
directly from the landslides or indirectly through 
the rapid breaking down of the principal slide 
areas. ‘The valley of the .Dolores, at the foot of 
0. 1J. G. Ilill, must Jiavc been of the exact type 
now seen above Marguerite Draw. M’hc stream 
bed-of Horse Creek hu3 plainly been interrupted 
by the Puzzle slide.

The primary conditions for a landslide may be 
generally staler! ns u thoroughly fractured state of 
the rocks on steep slopes, permitting the force of 
gravity to cause the full; and were all (lie rocks 
of a mountain district, to be uniformly shattered 
the mountains of most precipitous and irregular 
form would naturally experience the most exten
sive landslide action. 1 tut. in the Kieo district, 
some of the most nigged mountains have under
gone no visible degradation by landslips, even in 
the heart of the area most a Heeled. Sandstone 
Mountain is the mast striking instance of this 
immunity.

h'nhtlions tv other Qnulcnidri/ phenomena.—The 
Ordinary processes of degradation .operative in the 
high mountain regions of Colorado have of comsc 
been active in the Rico Mountains during the long 
epoch of landslide action, and it scarcely need 
be pointed out that all die destructive agencies 
must have been especially effective within the land
slide areas. The shattered landslip blocks them- 
selves have been in high degree vulnerable to 
the‘attacks of solvent waters, frost, etc., and have 
in many rases mpi.lly disintegrated, 'flic whole 
slope of Darling Kidge, as of other landslide areas, 
is practically without surface drainage channels, no

the Kieo Mountains euilh-red a Severe shock, shat
tering the rocks at the surface and to unknown 
depths. Asa result of this shattering many land
slides have occurred where other conditions were 
favorable. This shock must have hail its source 
in greater or less depth, and may be referred to as 
cartlupmke shock.

Two important sources of earthquake shock are 
specially recognized, viz., that originating in the 
relief of tension arising from structural movcimnls 
of the earth’s crust, and that, connect'd with vol
canic phenomena. The Kieo Mountains represent 
a center of upheaval and Intense limiting, and of 
igneous intrusions of a nature not strictly vob anic. 
It scums natural to supine that seismic disturb
ances must have taken (dace at the surface, of the 
Kieo dome during the periods of faulting and dur
ing the intrusion of at leant the inonz.onifo mngmn 
in the channels represented hv the stocks of to-dav. 
Hut those disturbances look place at so distant an 
epoch that (lie connection of the shocks now under 
discussion with cither of them in not plausible.

HKCK.VT GKOI.nGICAl. HISTOllV.

'Many of the features uf post-Glacial geology tit 
Kieo are inseparable in origin from similar features 
of Glacial nml earlier time, since in those puts 
of the area that were not covered by ice similar 
processes of general erosion and of local deposition 
were active throughout the Glacial stage. For this 
reason, in referring to certain phenomena as Keceiii, 
there is no intention uf limiting their age to the 
post-Glacial, hut rather to indicate that certain 
conditions ‘have continued down to the present 
time. TheKeceut phenomena of the Kieo region 
are mainly erosion and deposition. The latter 
includes landslides, Inins, and avaiunchc mate
rials, river gravels, and spring deposits, which 
have been described as formations. The proc
esses of their formation arc so commonly known 
that but little further reference to them seems 

necessary.
l\i$t-Gl(ichd wo.orm.--if the gravels occurring

deposits, Imt liaise an; iml a I wavs clrarlv distin
guishable from debris uf other origin.

While the lateral tributaries of the Dolores have 
no bottom deposits rtf importance, several of them 
have built up very decided alluvial cones at their 
mouths. The more important of these are repre
sented on the map.

fjmull deposits of calcareous sinter or tufa have 
been noted at various (Hiints on the banks of the 
Dolores, nml several of them arc shown on the 
map. At a number of these points the spring 
waters are Still highly charged with carbonate of 
linn: nml deposition is still going on.

Jt will he noted that the client of nearly all of 
these nvenl agencies is to modify the form of the 
mountains existing before, the Glacial epoch and 
the beginning of the landslides, by producing 
gentler forms of I lie ridges and by filling up in 
some degree the various valleys,

(jus Hpriwjs.—Fmanaiious of carbonic acid gas 
and of sulphurated hydrogen accompany many 
springs of water in the Rico region. The former 
is continually escaping in large quantities in tin* 
rcntral part of the area, while the latter is noted 
in many places on the west side of (he mountain 
group in the drainage ol Stoner and Jolmny Kull 
cracks. Roth gases doubtless have 1 heir origin in 
chemical changes which arc going mi at a greater 
or less depth beneath the surface, and the waters 
with which they are associated may or may not he 
of dccp-scatcd origin. Tn some cases they cer
tainly arc not, for al the sulphur springs the 
water increases and diminishes with (he humidity 
or dryness of the. season, and at certain times the 
How of water coasts entirely, while the gas con
tinues to escape. It appears that in such instances 
the gases have found the same channels along 
which the waters arc circulating ami that (he 
two mix and tfjeape together. In the section on 
" lveonnmic geology” Mr. Ransomc tells of the 
frequent appearance of carbonic acid gas in mine 
workings.

June, "IDOI.
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ECONOMIC GEOLOGY OF THE QC
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lynjopruTio.w
The principal ore deposits of the Uico quadrangle 

are confined to its uorlheasteorncr. am! are included 
within the area of about-hf> square miles t*ovvtriril by 
Lie Rico special map. Thu mining district. is nearly 
coextensive with the isolated group of peaks wi:ieh 
have been described in the foregoing pages as the 
Eico Mountains. Kico, a town of :t few hundred 
inhabitants and the seat of Dolores Couuiy, lies 
nearly in the center of the district, on the Dolores 

•River; which traverses the area from north to 
south. Tim Rio (imudc Southern Railway con
nects the town with the Denver and Rio Gramle 
system at Durango on the south am! at Ridgeway 
on the north.

The following general account of the ore depos
its is for the most, part condensed from a report, 
entitled “Tim Ore Deposits of the Kirn Moun
tains, Colorado,M published in the Twenty-second 
Annua) Report of this Survey in 3 002. To that 
report the reader is referred fur detailed descrip
tions of individual mines.

HISTtlKY UK SH.NfNi; UKVIU.UI'.MKNT.

Records of (lie discovery and early development, 
of the Kico ore deposits arc.fragmentary and often 
conflicting. The first recorded attempt, to prospect, 
the region was in 1«8(>1, when .Lieutenant j Inward 
and ndier momhers of John Raker’s expedition 
into the San .Rian region made their way oyer the 
mountains from the east. Eight years later Shafer 
and FearhciJcr built a cabin on Silver Creek, near 
its junction with the Dolores River, and located 
several claims. One of these, the Fionecr, subse
quently gave its name to the mining district.

in RH72 E. C. Darling and others eroded an 
adobe fimuiee. and aiicmpieJ to smelt, ores from 
what, arc now known as the. Atlantic Cable. 
Aztec, Phoenix, ami Yellow .Jacket claims. 
They were unsuccessful, and it was not until 
3877 that, active prospecting was resumed in the 
Pioneer district.

In 3370 rich oxidized silver ore. was discovered 
on Rigger Ruby .Dili, and die future productivity 
of Newman Mill was foreshadowed by the ship
ment lo Swansea of smite ore from the Chcsinut. 
vein. The town of Rico at once sprung into 
existence.

in October, 188". the ianp-s; and richest uf inn 
blanket deposits on Ne.wman Ilill was-discovered 
by David Swiekhmicr in the Enterprise shah, a! a 
depth of 2(>2 feet, and slmnly after ore bodies were 
found in Urn Rlackliawk, Logan, and Kivn-Aspcu 
mines.

Tim Enterprise mine was sold in LSttf) {»> a 
Pittsburg company, and the same year saw {lie 
advent of tl«e, Rio Grande Southern Railway. 
Vigorous exploitation was continued in various 
pans uf the district .until KStk>, when mining 
activity showed signs of abating.

•Since 1$bn the output of the I'innevr district 
has decreased. The large hmlicx of rich “con
tact” off have mined e-uj, ami many of tin*
veins have born Worked down n< a depth at which 
lilt* ore no longer pays fur shipment. Masse- uf 
ore often pro veil to be curiously limited, owing t<> 
various condition.* that atv charaulerisiie uf the 
region and that will prescudy he described.

Tiic decline in die price uf silver has had a 
depressing oiled, on tn*r> a? on other districts: 
where this metal forms a large part of dmoutpui.

I Ohlc* mine ami to the experimental treatment of 
^ the. spiialentie. ore there found.

| HfimiHrnn.v.

j 'fhe loud production of the Pioneer mining 
’ iIRtrict can he only roughly estimated. Accord- 
; ing t<» the reports of the. Director of thu ?*fint, the 
| output from 1$7’.) to the e)id of PJOd has been 

about 7:>,00() ounces of gold and 0,(XK),000 ounces 
! of silver. Tim value of the cmire^noduet, includ

ing the base mends, probably lies somewhere 
j between >8.000,000 and -810,000,000. Py far the 

greater part, of this has been silver. Present 
developments indicate that the district may soon 
produce considerable /.i:u: and lead.

ri:Ki.t.mixai:v orn.ixi-: ok i lit-: <h:k UKvosns.

j The ores of the Rico district, show unusual 
, variety in their occurrence. as regards both form 
| ami genesis. Jt is proposed in tins report lo tryat 
] the deposits under four general heads, namely: 

t (V) Lodes, (2) blanket. (8) replacements in limc- 
J stone, and (-1) stocks, 'fids is confessedly and 

’ obviously a rough grouping fur convenience and 
clearness of treatment, and is not intended as a 
scientific classification.

Under the first head will be described simple: or 
complex veins, usually nearly vertical, winch when 
they occur in the sedimentary, formations cut.across 
the planes uf bedding. They are. fractures or fis
sures in the. rocks, which have been afterwards 
filled with ore or valueless vein matter.

| Under the Second head wilt he treated various 
deposits usually more nearly horizontal than ver
tical, uud lying parallel to the planes uf bedding 
or to the surfaces of intruded sheets pf igneous 

j ruck. These arc iti(: deposits b'cnlly known as 
| ''contacts.” This term, used in a sense that has 
| no necessary connection with its true geological 

; meaning, lias unfortunately found ils way into 
j literatim* and hnx been so universally adopted 

j by t!ie miners that it. is difiicttlt to altogether 
avoid its use. Wherever employed, however, the 

j word will he placed in quotation marks, indicating 

j its tnu*. standing as nilucrs’ vernacular, 
j Under tin*, third head will be considered those 
j deposits, often irngular in form, which have 

l resulted from the mrtasnmaJic replacement of 
' limestone, by ore.
| Iststly, under the fmirth head, will be noticed 

: a few small mv bndii.^. often referred to a.s'Y.lnm- 
‘ jmvs/‘of winch the Johnny Rid! is the principal 
example in this region.

i No sharp distinction exist.-; between these various 
^ deposits. Lodes of tint dip may pass inio betiding 

- jiiuhs along weak strata, producing bnreia*- which,
[ when mineralized, arc classed as hiuiiket.-;. The 

? mineralization of such a breccia, particularly if 
1 tiic material be calcareous shale, is likely lo he 

, largely by meiusouaitie replacement. producing a 
, deposit closely akin to those resulting from tim ’ 

sinipfc. rcpiaecmeiU of Laicstono. Abiivuvor, the ! 

«»ro bodies grouped under tho sccoml am! third | 
heads arc a i ways intimately connected wit Jt fis
sures or Judes which may or may not be i.lo-msolves { 

productive. |
The- givan-r part of the product of the district ! 

):as come from {he bhmkeis. 8rmte of the lodes I 
1 have, proved rich, imt (Jnjir value has invnriaMv 

fallen heh.w the limit of Tirofiuddc working :,t :t 
, remarkably shallow de}*:ii, which gcnumiiy 

<*(m-.*!a;:{ rflation s*unc overlying Maidn t. with '

with various gangne mi 
its more or less cumph-n- 
ores lias taken place, r»*sid 
ores, often very rich in si
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OMIC GEOLOGY OE THE QUADRANGLE.

Ity l-\ I.. Kunstniir*.

ami to the experimental ircstlisient of 

ir ore there found.

i'KitliUCTlON.
I production of the ]*K»in:(»r mining 
he onlv roughly estimated. Accord-

• ports of the Director of the Mint, the 
•t 1871) to the end of HJUtt 1ms been 
•'* ounces of gold and 0,000,000 on nets 
riu* value of the entire product, includ
es*! metals, probably lies somewhere 
000,000 and $10,000,000. Rv far the 
i uf this lias been silver. Present 
is indicate that. the district may soon 
•rider.ddc zinc nml lead.

V.VliV m’Tl.INK OK Tin: Olilv :»KIU<‘iT3.

• of the 1’ico district show unusual 
iheir occurrence, as regards both form 
. it is prO|'oscil in this report to treat 
- under four general heads, namely: 
i'2) blankets, (o) replacements in limc- 
(d) stocks. TJiis is confessedly ami

a rough grouping fur convenience nml 
I' treaunent, and is not intended as a 
'issiliisuion.
»c first liesul will be described simple or 
ins. usually nearly vcrtiiral, which when 
in i he sedimentary formations cut across 
of intMing. They are fractures lia- 

hc rocks, which have been afterwards
• •re or valueless vein mailer.
he second head will be treated various 
mnllv 11101x5 nearly horizontal than ver- 
lying parallel to the planes of bedding 
-nrfaces of intruded sheets of igneous 
•sc are the deposits loyally known as 

This term, used in a sense that, has 
tvy (-Mitneciion with its true geological 
has unfortunately found its wav into 
ami has been HO universally adopted

with various gnngtie minerals. In many depos
its more or less complete oxidation of the primary 
ores has taken place, resulting in pulverulent earthy 

ores, often very rich in silver.

tnsTiiiluTtny ok tiii: ukks.

In nil probability more than half of the ore pro
duced in the Rico district has? eoinc from Newman 
Hill. This name is applied to the slopes imme
diately south and cast of Kieo, constituting the 
western flank of Dolores Mountain. Newman 
Hill mav be considered as hounded on the north 
bv Silver Creek. 011 the west by the I >oIores River, 
on the south by Dead wood tiulch. nml on tbc cast 
by the clifls formed Ly the massive bed of lime
stone characteristic of' the medial division of the 
Hcfniosa. On this slope, which is deeply cov
ered with surface wash, are the Enterprise, UicO* 
Aspen, Newmnn, Union-Carbonate, and other 
mines, in which the ore occurred jmrtly in lode* 
and partly in blankets. Of the latter the princi
pal one is locally known as the Newman Hill or 
Enterprise ‘•contact.”

Also on the. east side of the. Dolores River, hut 
north of Silver Creek, is Nigger Kal|y Hill, a spur 
of Telescope Moutimiu. This hill lias produced 
ore since J870. The ore occurs in oxidized form 
in lodes, which in their upper portions possess so 
flat a dip as to constitute essentially idanket 
de|»osits.

C. H. 0. Mill lies immediately north of Nigger 
Ruby Hill. It is,a landslide area, honeycombed 
with working* from wliieh much ore lias been 

t taken. 'Die ore. largely oxidized. oecims in blank
ets, the continuity of which has been greatly 
broken by landslide movements.

Vrom :im three hills memimted has come the 
greater part of the Kien ore. There arc. however, 

[several important outlying deposits. The most 
j prominent of Jmw is that of the Mlackhawk 
| mine, between Silver Crock and AIIvn tlulch. 

•*•’• •••»• tl........ «ividi‘/cd i»» a b«d»* and a-

inineralogiral or commercial distinction, ami are 
not necessarily of different age.

The principal minerals occurring as a direct 
result of die general processes of mineralization 
arc as follows:

I’t/rilc.—This \a by far the. most, abundant sul
phide in the district. Associated with quartz and 
Small nmoums of chalcopyrtte. sphalerite, nml 
galena, it constitutes the practically worthless 
lilling of most of tlto lodes. It. is found in large 
blanket-like masses, free from gauguc. in C. 11. 
C. Hill. In similar masses, but usually in more 
.solid condition, it is found as a replacement of 

■ limestone. This is the mode of its occurrence 
; in the Elarkhawk mine, where it is frequently 
I associated with fluorite ami grades by increase 
of chnleopvritc and galena into workable ore.

I Although commonly containing small quantities 
of silver and gold, the pyrite lias hitherto proved 

; ton low in grnle Ibr successful treatment. Kick- 
art) records that tlic pyrite from the norihwest- 

; crly lodes 111 tlie Enterprise mine usually afforded 
! mi assay from •! to 8 minces of silver ami traces 

of gold. In tiic Hold Anchor prospect in Thill 
. Kasin a largo dimly of pyrite. was fotiml which 
( is said to have indicated, in single assays, as 
; much as HO minces of gold per ton, hut which 
j as a whole did not pay the cost of extraction.
I fritlmn.—This very important ore mineral occurs

I abundantly in the Enterprise Idanket and in most 
! rtf the bodies of uiioxidizcd ore that have been 

worked jo the dwlriet. It is always argentiferous, 
hut appajvndy does not constitute rich ore unless 
accompanied by nrgeniitc, teirahedrite (fruiberg- 
ite?), pmur-nitc, nr pniybasiie, as is the ease in 
the Newman Hill mines. On ihc Ollier hand, it 
nowhere occurs in sufltcicnily laigc masses, unless 
possibly in the Atlantic (.'able mine, to he. work
able for its lead alone. It presents no unusual 
peculiarities in this region and is, as 'elsewhere, 

•nearly always accompanied bv sphalerite.
S/iA mV \ —./ini: bhmdc is an abnndsinl n.mstit-



men aiv m*w fsiiMuii ns 1111,' Atlantic < able. 
Aztec. 1‘liocnix. :ui*l Yrlluw Jacket claims. 

Tliev were unsiuvessful, and il was not milil 

.1^77 thul active prospecting was resumed in I he 

Pioneer district.
In l$7tt rich oxidized silver ore was discovered 

on Nigger Baby Hill, anul the future productivity 
of Newman Hill whs foreshadowed l*y the ship
ment to -Swansea of some ore from the Chestnut 
vein. The town of llico at once sprung into 

existence*.
In October, l£S7, the larges! and richest of.the 

blanket deposits on Newman J1 ill was discovered 
hy Mavid SwickhimCr in the Enterprise shaft, at a 

dept It of ‘Jlii fed. ami nlmrl.ly alter ore bodies were 

found in the Rlackhawk, Logan, ami Rico-Aspen 
mine?;.

'flic Enterprise mine was sold in l.'jHO to a 
Pittsburg company, and the same year saw the 
advent of the Kin (ir.imlc Southern .Railway. 
Vigorous exploitation was i*nniinncd in various 
purls of |he district, until ISHA, when mining 
activity showed signs of abating.

Since KS'do the output of tliC Pioneer district 
has decreased. The large bodies of rich “eon- 
lact” ore have I teen mined out, nud many of the 
veins have been worked down to a depth at which 
the oiv. no longer pays for shipment, Masses of 
ore often proved to be curiously limited, owing to 
various conditions that, are characteristic of ilu» 
region and licit will presently he described.

fhe decline in the price of silver lias had a 
depressing ellbci <m (his as mi other districts 
where lids metal forms :» large part of tin; output. 
Rut nearly all the important ore bodies fhriuerlv 
exploited were suilicieutly rich to workable 

had they not been exhausted. In I!#iKJ 
the only ore being shipped from the district wu$ 
an oeeacimial earlond taken out by leaser? working 
small areas of unexplored ground in the larger 
mines.

In IbO- practically all the important mines in 
the district were consolidated under the name o* 
the United Rico Mims Company and although no 
material increase of production has yet resulted, 
the new company Jia$ devoted itself with eonsidcr- 
able success to the development of the Atlantic

u>* mvis-ary cumivctioti with il? line gc*ilogn*ul 
meaning, has unfortunately found its way into 
literature and has been so univcivallv adopted 
by the miners that il is dillimlt to altogether 
avoid its use. Wherever employed, however, the 
ward will he placed in ipmtntUm marks, indicating 
its true standing a.« miners' venmcular.

Under the third head will be considered those 
deposits, often irregular in form, which have 
resulted from tlte inetn.soniatic replacement of 
limestone by ore.

Lastly, under the fourth head, will lie noticed 
a few small ore bodies, often referred to :is ‘'chim
neys/' of which the Johnny Knit is the principal 
example in this region.

No sharp distinction exists between these various 
deposits. Lodes of Hat dip may pass into bedding 
faults along weak si rain, producing breccias which, 
when mineralized, me classed as blanket*. The 
mineralization of such a breccia, particular!v if 
the material he cnlmreOiiH Khali*, is likely In he 

largely by mc(a*nmatie replacement. producing a 
deposit closely akin to those resulting from the 
simple replacement of limestone. Moreover, the 
me bodies grouped under the second ami third 
heads arc always intimately connected with (is- 
stitvsor lodes which mayor may not be themselves 
ptoductive.

The greater part of the product of the district 
has come from the blankets. Some of the lodes 
have proved rich, hut their value has invariahlv 
fallen below the limit of profitable working at a 
remarkably shallow depth, which generally Itears a 

'constant relation tn some overlying blanket with 
which the lode m* lodes eminent. iSumc iuipnrlaul 
liodies of ore have also been formed by direct 
replacement of limestone.

The hulk of the ore bus been found in the Car
boniferous sedimentary series, particular!v that por- 
liuii of it known as the l lerniosa formation. This 
is nr.urly equivalent to saving that most of the ore 
has come from llm central portion of the district, 
in the heart of the dome-like uplift of the llieo 
Mountains.

The ores consist primarily of galena—often 
highly argentiferous and associated with rich 
silver-bearing minerals—sphalerite, and pyrile.

several important outlying deposits. The m«»<i 
prominent of these is that of the Rhuklmwk 
mine, between .Silver < reck and Allyn t.'ideh, 
wlto.ru the ore occurs oxidized in a lode ami as 
sulphide replacement deposits in muygivc lime
stone. Another example is the Puzzle mine, on 
Horse Creek, about throe-fourths of a mile from 
its mouth, where the ore also occurred replacing 
linu'slonc. The Johnny Rid! mine on Johnny 
Roll Mountain, near the head of Morse Creek, has 

also produced some ore.
The entire basin of i bn-se Creek and (he ea.stern 

slope of .Expectation Mountain are dotted will* 
prospects, many of which have produced small 
ijiiantilies of ore, but marly all are now aban

doned.
Another deposit, of considerable interest ami 

prospective, value is that, of the Atlantic Cable 
mine, on the north side of the town, in which 
galena, sphalerite, and other minerals occur as 
replacements of the IVvoiiian liunstonc.

Rv reference to the geological map the pre
ponderance of tim important ore bodies occurring 
in the Merino*!, particularly in the lower aud mid
dle divisions, will Ik? evident. Near the |*criplierv 
of the dome, whore the Permian, Triassie, and 
Jurassic sediments now constitute the surface, no 
large ore bodies leave been found. The Johnny 
Thill, it is true, ocrnre in I 'Mores rocks, hut the 
ore body, although at- one time giving rise to 
considerable excitement, proved to be little more 
than a pocket.

JIINKIJAl.M'iV OK THK OIJKS.

The ores of the Rico district present. H*w note
worthy or inruliar minomlogical features, and 
need receive hut brief treatment under this bend. 
They may he roughly divided into (1) pyritie. 
ores, usually of very low grade, aud (-) argen
tiferous gal-aia otvs. sometimes with rieli silver 
minerals ami often containing nnieli sphalerite. 
The pyritie on-s constitute the characteristic vein 
Idling of most of the bides ami occur in many 
of the blankets and other depots. The galena 
on*? form the workable ore bodies, deposited under 
various favorable circumstances of concentration. 
The two kinds of ore nrc not capable of sharp

at,lv f,.c iis Lad atom*. Il presents n<> unusual 

|Wvuliarilhs in this region and is. as elsewhere, 

nearlv alwavs aceompanied hv sphalerite.

—Zinc blende is an almndanl nmslit- 
ncnt of the rich mvs of Newman Mill, which some
times contain over In (tor cent of zinc. Its common 
associate? in these ores nrc galena, chalcopyrile, 
rhodoeh resile, ami (juariz. and it occurs Imth in 
the northeasterly lodes and in the blanket. It is 
also (bum! in massive granular form, associated 
with a little chalcopyrile, galena, and fluorite, in 
the Rlackliawl: mini;, where it makes up ng’Oiixid- 
cralJe part of the huge replacement bodies in lime
stone. In tim Atlantic Cabhi claim it nivnrs in 
(•naively crystalline nodular masses. associated with 

chlorite, spcndarile. chalcopyrile, and galena, in 
limestone. Tjiis sphalerite is dark brown, while 

that in the Newman Mill Veins is usually rosin 
colored. It is also abundant in the bumbo mine 
aud in the Ranrioft ami July \). ptocp»vl>\ asso
ciated with galena. The •hviirrencc of sphalerite 
has until ivi-ently bent purely an objectionable 
feature in the ore!!, owing to tin- penalty attached 
by the smellers to ores containing over KJ per cent 
of zinc. Rut in 11*00 ex|>eriiueni.s were begun to 
determine tlie feasibility of working some of the 
sphalerite m«-s lor zinc. At the present lime zinc 
Ore is extracted in commercial quantities from the 
Atlantic Cable hv the United RieO Mines Com
pany and treated in a small .stamp mill. The 
galena is saved on vauners and llie sphalerite 
eouecnlmted by a magnetic scjinmior. $omc 
shipments have lieeii made, hut the plant is 
essentially ex peri mental.

Chttlfojiijiitn.—This mineral is not very abun
dant in the Rico district, although nearly always 
present with galena nud sphalerite in the workable 
ores. Assv'eiaicd with pyvite, fluorite, and some 
iiuelv gnimilar gahaia and sphalerite, it (brined 
Some of the best ore in the Rlackhawk replace
ment bodies, whore it often occurred in fine con
centric or irnjgularly eumsl, narrow bjinds. It. is 
present in small *pmnlity in tin: blanket and lode 
ores of Newman Mill, in the Silver Swan, Azl(*c, 
and Atlantic Cable prusjHX.ts, and in many other 
lodes and blankets throughout the district.

TciiaMritt.—Cray copper ore ocean* in the
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cer.enALtzeo section' ton the mco cuaokans.s. 

sc*tr.; * •*>;« - 400 sect.

g .*5

s § l-ViUM ATtuN Nahk.

M atoms abide.

lbkoln kaiiilrtniiv.

McKlum formation.

Ln Plata sandstone.

-UNCONFORMITY -

Puloroo formation.

-UNCONFORMITY -

Jtp

Tid

OM.UM.V.UI .......-sr.. |

Suction. j >* I
i.'MAUAdTKU «>K Koit.MATtO.VS.

1000-f
s«.fi. dark gray. or almost. h!m*k. carbonaceous clay shale containing thin lenses or eotierei 

liiij.itK* limestone. Kiniimrm the iNdorndo group and n -ritot. of the J'lcrru division 
Montana. Kuwdli* ««ecnr mure or leas abundantly at several horizons.

Clmy or rusty lirown qimrtzosc Min1>:om.' or quartzite with a variable canglotm*raU\. con* 
.mall chert* (utlililt'A at or umr :h». base. Cnrlwinnccou* shnio parting* oo’iir m N*ver.»l l«* 
mid coal of }>oor quality b locally pr,x*nL ludislitiul fossil leave* occur sparingly.

ae?u.ns»w*Ki

A eotnple* of nltraiaitiur friable. flnNcniiunl. yellowish nr unyt>li wimhl.im™ ami ►lml«- 
snn.tsl<*n**' an* seldom mnrv liiau'C** lliii'k. They often Inehnlu llnkni of ttfiU'Wi • 
•halt. The shales are i-.hndly j:wo:t in n-ldr.Tiiit tuny Ins pink. dark red. or chocolate * 
.Home shah* layers are sandy act) others highly calcareous. ?h’» fossils hnvu been found 
McKhuo strata.

fjotistsl.e principally of two massive. friable, white sandstone i*d.% with a narrow band •. 
Itnicstoiir or calcareous: shale between them. The sandstones are »itJ»rtxoso. of even gm* 
linrtly «toa« bedded. and form mmo-ive elUT* where exposed. Tho limestone or calcari-ou 
is Ineallv breceiate:i or rmrmcnted. No determinable f<«vdb have been found.

Sandy marl and fine-grained samlMotie and shale of bright-red color with fine Ihucsto 
ulolticrnh: near tin; Imumj. in which are found teeth of u crocodile (Jtclorfon) and of a tni*g 
mid dinnsanr, with a run: guateropad rilieii similar to> tivtpnrtu, Indicating ihc Trin*>ic 
the formation.

Li *.l

;VTAJv‘^V«-SrAiV>;i

Culler formation.

Ilico formation.

HennriMi forma I Ion.

eAt:; o... vav z.i

■ A complex «.f bright-red »:md>to:ie* and Itchier red or pinkish grits and conglomerates nlteiT 
i with sandy *hnJ.:s and earthy or .-•ntuiy limiwtonen ol varying shade* of red.

| Dark reddish-brown Kindsiom* and pink crit. wiilt intercalated greet.bb or reddbh riial 
300 • untidy, fositliferoii' limestone.

ssEqsgs

A series c? grits, Aoudstoues. shale.*, anil limestone* *>f varying distribution and develop. 
».ri;.and sandstone. in tuas-iv..* beds pre.lotuiin.tc in the middle and upper parts of the j».» 

leoO-.OuO *|j0 |f.\r*;r |K»rtlon eonsisring o:* thinner luilded wui.!mviiq, shale, ami Itmcstoim layers. > • 
* on* iuvcrtei>rate !‘os»ii.» utvur in sltaie and liiiifsione.
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A nini|*tin nf iittimM Ing f risible. flue ^nlnvl yrllowlali or irrnyi»|i iuntl»toii0" anil ih.i1i« Till 
twiililt'iwn are M*liUitn im.ru iImu 2*' fwl tluek TImjtofldi iiw-luvle flake* of gravirli clay or 
•li.'ilv The •hilled iirt i liH'ilv ^irt ii ;u mVt but limy W jmiiL. .lark ini ur clwivuliti' brown. 
s.»ni.- ilwilr layer* am wm.lv iiwl uiln r» linrlil) nilramiMi Xn (owili hnr# »*r«»i Iouih] In tlm 
MrMiii" ptrnia

!a HOKUt'vne

IfHCUNIOMHTt

|l..l.>r.» fnoiWlMin.

IWC0M0**:TY

• Wilt* |.riu« ij‘..lly •>( twi. friiM*, will's sau.Ulnue *ir»b. with a narrow bat.U of Uark
HMMimr <>r mlr <r.<< hm alinlv brtvuui llfin llir uu«1M»in* arr muiiliom *4 mil grain. die- 
Itnrtly ert»d Iwihl. •! rtin! bun. Iti-.d-iv. rlill* where Tim hiueelimw «.r «ulc..r«ou* »ltal*
» It ■■ally hmvMlnl ur rirmnUil. Nil ii.-l vi iiiliutliic ft Walls liavr bvrti (huuiL

Cutler funiiatioa.

Kandy marl ami One grained win. Ut one ami ••uilr «»f bright ml cdue will flue liiunlung con 
«l<ill. near tie lt.«~ m whirl, nre f. mel teeth uf a rrnrtalile (/f«/<•»/»*«) awl of a iievdouo 
r-.nl .liu.MMiir. willia rare *rmlrm|»t«l JielI MM.iU.i- indicating ilie Tn.m*ic ngrof
the fttriujti Mm,

A mnplfi nf bright ml eiiitlMunr« anti lighter ml or |.inki4i ;t l»nn.! rnugloim rate* alternating 
wItli nit.ly abalra m..l ennliy or ku.vIv llwwlaiitf* of varying •Iwie* t>f ml.

Ihifi mltlidli 1-Mull MOKUtttiit mmI )*iuk gtll. will* interrelated gnvtial, or reldieli tlmir »im! 
aai.tly. f.milifrmua Ibnent.iOe.

A writ* of jrrtf- MniWaei •hate*. am! Unit»tonc* >.f rarvlnjr Uutribution am! .'ml.^nneal 
<lr»t ami at.inNtt.ne in m.w4w lad* predominate in Hie mhkllw awl njifirr part* of (lie auction, 
the iowur |M>rfiiMi coni.mling of thinner In-1.lei atmlittww abate, ami limestouo layer* Nwmer- 
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As sedimentary deposits or strata accumulate the 
younger rest on tlio.se Llmt arc older, and the rela
tive ages of the deposits may he dctcrminctl hy 
observing their )ioritions. This relationship holds 
except in regions of intense disturbance; in sucli 
regions sometimes the heals have been reversed, ami 
it is often dilhcult lo determine their relative ag^« 
from their positions; then fossils, or the remains 
and imprints of plants und animals, indicate which 
of'two or more formations is the oldest.

Stratified rocks often contain the remains or 
imprims of plants ami si ninja Is which, at t he time 
the strata were deposited,, lived in the sea or were 
washed freon the hind into lakes or seas, or were 
buried in snrlieial deposits On the land. fcneh 
rocks are willed fossiliferous. iiy studying fossils 
it lias been found that the life of each ported of the 
earth's history was to a great extent different from 
that of other periods. Only the simpler kinds of 
marine life existed when tlie oldest Ibssilifcrnus 
rocks v.*cre deposited. From time to time more 
complex kinds developed, nnd ns the simpler ones 
lived on in modified forms life became more varied. 
Ihu during each period there lived peculiar forms, 
which did not exist in earlier times and have not 
existed since; these are characteristic Igjtes, nnd 
they define the age of any bet! of rock in which 
they are found. Other typos passed on from 
period to period, and thus linked the systems 
together, forming u chain of life from the time of 
the oldest fossiliferous rocks to the present. When 
two sedimentary formations arc remote from each 
otlior nnd it is impossible to observe their relative 
positions, the characteristic fossil types found in 
them may determine which was deposited first. 
Fossil remains found in the strata of dilfcrcnl areas, 
provinces and continents afford’ the most important 
moans for combining local histories into a general 
earth history.

1: is often difficult or impossible to determine the 
age of au igneous formation, but the relative age 
of such a formation can sometimes be ascertained 
by observing whether an associated sedimentary 
formation of known ngc is cut by the igneous 
mas* or is dejiositcd upon it.

similarly, the time at which metnmorphic rocks 
were sonnet) from the original masses is sometimes 
shown by their relations to adjacent formations 
of known age; but the age recorded on the map is 
dim of the original masses and not of their meta- 
morphism.

Colors and patterns.—Faeh formation is shown 
on the map by a distinctive combination of color 
and pattern, and is'labeled by a special letter 
symbol.

Symbol, and colors xtsstgncd to the rod: rcystems.

planes. Suitable combination patterns arc usc\l 
for metamorphic formations known to be of sedi
mentary or of igneous origin.

The patterns of each chocs ntv printed in various 
colons. Willi ibn patterns of jiandlcl lims, tailors 
arc used to indicate age, a particular color being 
assignetl to each system. The symbols hy which 
formations are labeled consist, eaeb of two or more 
letters, if the age of a formation is known the 
symbol includes tlm system symbol, which is a 
capital letter or monogram; otherwise the symbols 
are composed c/f small tollers. . The names of the 
systems and recognized series, in proper order (from 
new to old), with the color and symbol assigned to 
each system, lire given in the preceding table.

SURFACE FORMS.

Hills;md valleys and all other surface forms have 
been produced bv geologic processes. For example, 
most valleys arc. the result of erosion by the: streams 
that flow through them (see fig. .1), and the alluvial 
plains bordering many streams were built up by 
die streams; son cliffs arc made hy the eroding 
action of waves, and sand spits arc built up hy 
waves. Topographic forms thus constitute part 
of the record of die history of the earth.

Some forms are produced in die making of depos
its and arc inseparably connected with them. The. 
-hooked spit, shown in fig. 1, is an illustration. To 
tl».*S class belong buiehe*, alluvia! plains, lava 
streams, drumlins (smooth oval hills composed 
of till), and moraines (ridges of drift made at the 
edges of glaciers). Other forms are produced by 
erosion, and these are, iu origin, independent, 
of the associated material. The sea cliff is tm 
illustration; it may he carved from any rock. 
To this class belong abandoned river channels, 
glacial furrows, and peneplains. In the making 
of a .stream terrace an alluvial plain is lirsl built 
and afterwards partly eroded • away. The shap
ing of a marine or lacustrine plain is usually « 
double process, lulls being worn away (degraded) 

and valleys being filled up (aggraded).

All pu ts of the land surface arc subject to the 
action of air, water, and ice. which slowly wear 
them down, and streams carry the waste material 
to the sc:i. As the process depends on the How 
of water io the sea, it can not lie carried below sea 
level, and the sea is therefore called the base-level 

of erosion. When a large tract is for a long time, 
undisturbed by uplift or subsidence it is degraded- 
nearly to base-level, and the even sifiTttec thus 
produced is called a peneplain. If the tmet is 
afterwards uplifted the peneplain at the lop is u 
record of the former relation of the tract to sea level.

THK VARIOUS GEOLOGIC SHEETS.

SlmcLurc-scviion .«* 
relations of the form: 
cliffs, canyons, shaft- 
ciai cuttings, the rel: 
another may be* stun 
those relations is i-. 
term is applied to a • 
lions. The nrr.mgej 
the earth’s s'rucluir. 
arrangement is called 

The geologist is 
natural ami artificial 
Vomorning the card 
manner of formation 
Out the relations am*, 
can infer ihuir relai 
beneath tlie surface, 
Renting the structure 
ilepth. Such a seel 
seen in tlie side of a 
seven:! thousand feet 
the following figure:

Fie. -.—Sketch shuwiitj; u

The figure rojm^ei 
off sharply in the Jin' 
so us to show the u 
rocks. Tlie kinds of 
priate symbols of Jin* 
symbols admit of mm- 
ore generally used i 
commoner kinds of ro*

'|SfeA=|3§
liincstano. .

a

SabJ *toue* AB.l co». 
Klcunersled.

= i
§1

Quaternary...

Tertiary..........

Cretacemii.

1 Recent.......
I Fichuucviiq. .
f FI»nci*no.......
J 5h\icc»i«.\... 
] Oiigvrcnc.... 
iKuccuc.........

ttruwnfAii • yellow. 

Yellow ocher.

Olfvo-grwi. 

lilac (jrwii.

i r.nr&c..........

’ C&rbnntfcrvnr.

1 .t Dvvunlan.........

t Permian............)
-J Pcnimylvmilmi 
( 22trt-iviipjiimi.. )

•ntt'Wctan.............. ........ !

•R

.C

0
$
°i

i

iVacock-bhtc.

Itiuo.

Ji-U pniplc.

Areal geology map.—'fids map shows tlie areas > 
occupied by the various formations. On the mar
gin is a legend; which is the key to the map. To 
ascertain the meaning of any colored pattern ‘and 
its letter symbol the reader should look for that 
color, pattern, and symbol in the legend, where lie 
will /ind the name and description of the for
mation. If it is desired to find any given forma
tion, its name should be sought in the legend and

I its color and pattern noted, when the ureas on tlie 

map corresponding in color and pattern may he 
j initial out.

The legend is also a partial statement of the 
j geologic history. In it the formations are arranged 

j in columnar form, grouped primarily according to 
origin—sedtmctwmy, igneous, and crystalline 
of unknown origin—and within each group they 

' are p!a-*-l in the order of age, so far as known, the 

j youngest, a:, the top. .

Rcliij.lv
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j duns. Thu arrangement of rocks tti l!:e nirth is 
j I he earths sfrue/tur, hml a suction exhibiting tins

I* arrangement is railed a structure section.

The geologist is not limited, however, lo ihe 
, imliimK am) artificial cuttings for his information 
J concerning the earth’s struetiire. Knowing die 
manner of fonmition uf rocks, ami havin'* | raced 
out ihe relaiions among the be«L on the surface, he 
inn infer Iheir relative jrfwilions after they pass 
henonth the surface, ami cm draw sections repre
senting the structure of the earth to a considerable 
ileplii. Such u section exhibits wlml would he 
seen in (he side of n cutting many miles long ami 
Huvend ihnusaiul feet deep. This is illnstnited in 
the following figure:

The figure represents a* tamlseujK: wliieh is rut 
olT sharply in the foreground on a vertical plane, 
so as to show the underground relations of the 
rocks. The kinds of rock are unhealed hv uppiYi- 
priate symbols of lines, dots, ami dashes. These 
symbols admit of much variation, hut, die following 
nrc general!}* used in soutions to represent ihe 
commoimr kinds of rock:

vt to the i .

nmi (pirom n<cl».
■ die lll'tr- | •*.—Syml*ol- !*-••«! Itj *«vllniiii tu rciircpiml dltTi-rent kluil*

fig. 2 presents toward the lower »

nap. To ’ *
Itvru and | The plateau in

: fur dim j land an escarpment, or front, which is made up 

where he • of sandstone, furming^he cliffs, and shales, const!* 
die for-‘ luting the slope-, ns shown at the extreme left of 

••»» forma- the section. The broad belt of lower land is tmv- 
•geml and ersed by seveniI ridges, which arc seen in tliescc- 
ns on the j lion to correspond to die outcrops of a bed of saml- 

m may he J stone dint rises to the surface. The upturned edges 
1 of this bed fnrm the 'ridgis*. and the imermediau.* 

m of the j valleys follow the outcrojis of limestone mnl cidra- 
armuged ' rcous shale.

nnling to Where the edges of the strata appear nt the 
• rv.-lallinc surface their lhickm.£3 ran he measured and die 
nmp diey naglcs at which they dip below the surfaec* cun l*e 
nmvn. the observed. Thus their positions undei^rouml can 

be iuferred. The direction that die imeixviion of 
a bed with n Itori/.onial plane will take is (idled 
die strike. The inclination or the bed to the hori
zontal plane, measured at right angles to the strike, 
is called the dip. ]

Strata are frctjucmly curved in troughs and 
arches, such as are seen in fig. 2. The arches are 

I hack- called auticilnrt ami the troughs st/nrlimv. -Jhit 
ve forma-1 die sandstones. shales, and limestones were dopes- 
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itctl beneath the sen in nearly Hat sheets; that they 
arc now bent ami folded is proof that forces have 
from time to lime caused the earth’s surface to 

icre there j wrinkle along certain zones. In places die strutu 
• artesian j arc broken across and the parts linve slipj»od jmsl 

to .-ho«* * <ocb other. Such breaks are termed jn^itr. Two
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, inferred. Hence that portion of the section dclin- 
♦ calls what is prolnhly tme but is not known by 

observation or well-founded inference.
[ The section in fig. 2 shows lllive sets of forma- 

j thuK. distinguished hv iheir underground relation*.
| The uppermost of these, .seen at the left of the

I section, is u set of sandstones and shale#, which lie 

in a hmiz.ninid position. These Hcdmicninry Hlmfu 
j an* now high above die sea, forming a platnut, and 
j their change of elevalion showy that a portion 

Ot the earth’s mass has been mined from a lower 
to a higher level. The slmta of ibis set. are 
parallel, a relation wliieh is called voti/urimtUe.

The second set of formations consist* of strata 
* which form arches and troughs. These strum wore 

once rOiilimioits, but the crests of the arches have 
Imvm removed l»y degradation. The l*cds, like 
those of the first set, are conformable.

* Tim horizontal strata nr die plateau n*t upon 
, the upturned, eroded edges of the Uih* of die 
; second set at the left of the section. The m’crlving 
| dejKwitsare. from their iHtsilions, evidently younger 

than the underlying formations, and the bending 
and degradation of the older strata must Juice 
omiwd lu;iween dm deposition of (ho older bid* 
am! the accumulation of die younger. When 
younger rocks thus rcxi upon an eroded surface 
of older me.ks die relation between the two is 
mi uitctmfui'titnUc one, and dicir surface of contact 
is an tn»con fortuity.

The third set. of formations consists of crystalline 
sehi-*ts am) igneouv rucks. At sfmie jK*riml of their 
history die M'hisls were plieatixl by pressure and 
tr.ivenscd by emptious of molten rock. Hut die 
pressure and intrusion of igneous rocks have no: 
al'ivicd the overlying simtn of the second set. 
Thu* it U evident that a loiisidendde interval * 
dup/vd bctwix‘11 the formation of the schists and 
the Ivginning of dqvLsitiou of the strum of the 
second set. .During dies interval the schists suf- 
fcrcsl mcianmrj'liisin; dtoy were the scene of cruj>- 
tivc activity; and they were deeply eroded. Tho 
contact between the second and third sets is another 
unconformity; it marks u lime interval between 
two periods of rock formation.

Tito Section and landscape in fig. 2 are ideal, but 
they illustrate relations which actually occur. The 
sections on the structure-section shoot nro related to 
the majis ns the section in the figure is related to 
the landsciijia The profile of the surface in the 
suction comsiioml: to the actual slopes of the 
ground along the section line, ami the depth from 
the surface of any mineral-producing or water
bearing stratum which appcan> in the section may 
he measured l»v using the scale of the map.

Cvlumiiftr mxlion sheet.—This sheet contains a 
concise desrripthm of the sedimentary formations 
whh’h fKiiir in the iptadnmglc. It ]ircsculs a 
fiumiuarv of die facts relating to the diameter 
of the rocks, the thickness of the formations, and 
the order of accumulation of successive dej*o3it8.

'1’he rocks a»*e hriefiy described, and their char
acters arc indkiitcd in the columnar diagnwn. 
The thicknesses of foruialions arc given in figures 
which state the least and greatest nu'nsurcuiems, 
mid the average thicknefc' of cadi is shown in the 
column, which is drawn to a scale—usually 1000 
feet to 1 inch. The order of uccumuhuion of the • 
Hcdimcms is shown in the columnar {irrangcmuiu— 
the oldest formation at die bottom, die youngest at 
dm top. .

Tlic intervals of time which correspond to evonts 
of uplift ntid degradation and constitute interruj>- 
tions of deposition are indicated graphically and by 
the word “unconformity.”

CHARLES D. WALCO'IT, ’
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GEOLOGY AND ORE DEPOSITS OF THE RICO DISTRICT, COLORADO

By Edwin T. McKnicht

A US'TRACT

The Rico district is in the Dolores River volley at the east 
end of Dolores County in southwestern Colorado. Mining 
has been actively carried on in the district since iS79. In 
the early days, silver was the chief product and was mined 
largely from Newman Hill southeast of the town of Rico. 
After 1900, the base metals, particularly lead and zinc, 
mined in other parts of the district, became the major 
products, though silver remained an important byproduct. 
The production of the Rico district from 1879 to 19GS has 
been about 83,000 ounces gold, 14,500,000 ounces silver, 5,000 
tons copper, 84,000 tons lead, and 83,000 tons zinc.

Bedrock in the district ranges in age from Precambrian 
to Permian. The older rocks are exposed in the valley of 
the Dolores River and its tributary, Silver Creek, near the 
center of a domai uplift on the east side of a monzonite stock 
that crops out west of the river at Rico. Precambrian rocks, 
which arc faulted up in a hoist block on the eastern prolonga
tion of the monzonite stock, include an earlier complex of 
greenstone and metadiorite and the later Uncompahgre 
Quartzite, which is at least 1,000 feet thick. The Uncom
pahgre Quartzite is overlain in the subsurface by the Ouray 
Limestone of Devonian age; this is succeeded by the Lead- 
ville Limestone (Mississippian). which is the oldest Paleozoic 
formation that crops out. Combined thickness of the Ouray 
and Leadville is about 100 feet. Both formations have been 
metamorphosed by the monzonite intrusive body.

A quartzite from zero to perhaps 80 feet thick has in 
previous reports on the district beer, considered as Devonian 
in age and then- Cambrian. Because of structural and ero- 
sional complications near the center of the dome, the se
quential relations between this quartzite and the Devonian 
and Mississippian limestones cannot be determined from out
crops. Ho- -ever, drill-hole record? indicate that the quartzite 
overlies the limestones, and fossiiiferous chert pebbles found 
in this quartzite indicate that it cannot be older than Car
boniferous. It is here assigned- to basal Middle Pennsyl
vanian, named the Larsen Quartzite, and is considered to 
be the equivalent of the Molas Formation in other parts of 
the San Juan region. 1

The Hermosa Formation, of Middle Pennsylvanian age, 
is the most widely distributed formation in the mining dis
trict. It is about 2,800 feet thick in its best exposed section, 
and comprises arkoses, sandstones, shales, conglomerates, 
and interbedded fossiiiferous limestones. Although minor 
limestone and dolomite are scattered through the formation, 
most of the limestones are concentrated in the middle third. 
Conglomerates are concentrated in the upper third, and the 
proportion of red beds increases toward the top of thf forma
tion. Lateral variation in the proportions of the different 
rock typos is extreme, and in the southeastern part of the 
district, clastic strata largely disappear from the middle part

of the section to produce a phase of the middle Hermosa 
that is thinner but is virtually all limestone. The Hermosa 
Formation is of great economic interest because most of the 
ore deposits of the district occur in it, particularly in its 
limestones.

The Hermosa is overlain conformably by the Rico Forma
tion, about 300 feet thick, of Middle and probably Late 
Pennsylvanian age. The Rico is dominantly a sandstone and 
arkose sequence, in part conglomeratic, but contains other 
lithologic types, including limy fossiiiferous sandstones in 
which pelecypods and gastropods are conspicuous. Many of 
the strata are red beds, though in general the rocks average 
little, if any,-redder than the upper part of the Hermosa. 
The Rico is transitional on its lithologic and paleoecologic 
features between the Hermosa and Cutler Formations.

The highest formation exposed in the district is the Cutler 
Formation, a continental red-bed sequence of Early Permian 
age. Perhaps as much as 2,800 feet of strata remain, consist
ing of arkoses, conglomerates, sandstones, shales, and thin 
impure fresh-water limestones.

At the end of the Mesozoic Era the sedimentary sequence 
was intruded by sills and dikes of hornblende iatite porphyry, 
one of the sills being as much as 525 feet thick. Apparently 
at a later stage, the ensemble was intruded by a less silicic 
stock of monzonite whose present outcrop, west of the Dolores 
River at Rico, is about 2 miles long and 1 mile wide. Other 
igneous types include several dikes of alaskite porphyry and 
a single thin dike of lamprophyre. Pervasive metamorphism 
of the sedimentary strata extends for 0.4 mile east from 
the boundary of the stock, and more channelized meta
morphism extends to a maximum distance of 1.7 miles.

The dominant structure of the district is a faulted dome 
centered near the monzonite stock. The Rico mining dis
trict is on tlie northeast, east, and southeast sides of the 
dome. In the district the major faults near the stock trend 
generally east-west and border a central faulted horst block 
of Precambrian reck that has been uplifted at least 0,000 
feet. Farther from ihe stock are two other major faults of 
diagonal trend. The Princeton fault strikes northeast through 
the northern part of the mining district and has its upthrow 
on the northwest side. The Blackhawk fault cuts from 
northwest to southeast diagonally across the other faults 
and has its upthrow on the southwest side, toward the horst 
block. The major faults that dominate the structural pat
tern of the district are norma! faults, and all except the 
Princeton fault are of steep dip. In addition, numerous bed
ding faults in tlie Hermosa Formation have been of con
siderable economic importance because they commonly 
afforded access of ore-bearing solutions to sites favorable 
for ore deposition.

The ore deposits of the district consist of (1) massive 
sulfide replacement deposits in the limestones of the Her-

1
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mosa Formation; (2) contact-mctamorphic deposits of sul
fides and iron oxides in limestones chiefiy of the Ouray and 
Lcadville Limestones but also of the Hermosa Formation; 
(3) veins on fractures and small faults in Hermosa sand
stones and arkoses; and (4) replacement deposits in residual 
debris resulting from the solution of a gypsum bed where 
broken by fissures in the lower Hermosa Formation.

The common sulfide minerals, present in all types of de
posits, are pyrite, sphalerite, galena, and chalcopyrite. A 
silver-bearing mineral of the tetrnhedrite-tennantitc iso- 
morphous series is widely distributed. Rarer sulfides, gen
erally confined to certain types of deposits, include pyrrho- 
tite, cosalite, tetradymite, and alabandite. Although no longer 
of significance as ore minerals, several silver minerals ac
counted for much of the value in the lodes (types 3 and 
4 above) mined in Newman Hill before 1000. These include 
nrgentite, polybasite, proustite, pearceite, pyrargyritc, and 
possibly stephanitc and argyrodite. Native gold is generally 
a minor byproduct, but, locally, it has contributed materially 
to the value of the ore, particularly in some of the rich 
silver ore formerly mined in Newman Hill.

The common gangue minerals are quartz, fluorite, calcite, 
dolomite, manganoan siderite, rhodochrosite, rhodonite, and 
sericite. Barite is of local occurrence. In the contact- 
metamorphic ores, specularite, magnetite, and chlorite are 
major gangues. Many other high-temperature silicates are 
only incidentally associated with the ores.

The massive sulfide replacement deposits in Hermosa lime
stone (type 1) have been the major source of ores in the 
20th century and account for practically all the current 
production. They arc base-metal ores with byproduct silver 
and gold. Although found in the neighborhood of'certain 
major faults such as the Blackhawk fault, the individual 
ore bodies are localized on minor breaks. A given ore body 
is centered on a fracture or minor fault and commonly in
volves the complete thickness of the limestone bed. Massive 
pyrite commonly replaces the ore bed adjacent to the feed
ing fracture, and sphalerite and galena, with variable, 
though generally sparse chalcopyrite, ring the periphery of 
the pyrite body. The pyritie masses yielded the sulfur for 
a large output of sulfuric acid for 9 years, starting in 1955. 
Some of the pyrite bodies have carried enough copper locally 
to have been mined as argentiferous copper ores. Those re
placement ores have been found chiefiy in two areas—in 
CHC Hill in the northern part of the district, and up Silver 
Creek, roughly Hi miles cast-northeast of Rico, respectively 
in the foot wall and hanging wall of the Princeton fault.

The contact-mctamorphic deposits (type 2) are likewise 
base-metal ores with byproduct silver and gold. They are 
less extensive than type 1, occurring only within or on the 
borders of the Rico townsite. They were exploited chiefiy 
in the 1920's and again during World War II but are not 
now productive. The base-metai sulfides occur in irregular 
pods scattered through masses of specularite, magnetite, 
and chlorite that are centered on fracture zones of small 
displacement.

The vein deposits (typo 3) are widespread in association 
with the replacement deposits, but are generally too thin to 
be economically exploitable for base-metai ores. Locally, they 
may be worked over short stretches where they widen or are 
followed by development workings. Veins of a different 
mineralogie type, characterized by an abundance of rich 
hypogene silver minerals and appreciable gold in addition to 
the base-metai sulfides, were worked in Newman Hill in the

southern part of the district during the lSSO’s and 1890’s hut 
were 'largely exhausted by 1000. Those veins were in a 
northeast-trending system and were limited to a stratigraphic 
interval of about 150 feet, in sandstones and arkoses below 
a capping shaiy zone in the lower Hermosa. The veins aver
aged only G inches thick, rarely reaching a thickness of 2 
or 3 feet. They pinched and were impoverished in the shales. 
In general, vein deposits are on faults of small throw, those 
in Newman Hill having a displacement of less than 10 feet.

The replacement deposits in residual debris resulting from 
the solution of a gypsum bed (type 4) were also exhausted 
before 1900. They were closely related to the rich vein de
posits in Newman Hill, occurring in horizontal blanket or 
ribbonlike deposits overlying the apices of the veins. These 
so-called “contact" deposits were separated from the veins 
by a shaiy interval, .5-20 feet thick, through which ex
tended only minor irregular stringers of the vein material. 
The contact deposits were from a few inches to 6 feet thick, 
as much as 40 feet wide centered over the apex of the 
related vein, and several hundred feet long following the 
strike of the vein. They occurred not only over the north
easterly veins, but over northwesterly veins that were barren 
in the vein zone. Mincralogically, the contact deposits were 
similar to the productive veins, but the ore averaged con
siderably richer.

INTRODUCTION

LOCATION AND GEOGRAPHY OF DISTRICT
The Rico district is near the east end of Dolores 

County, Colo. (fig. 1), in the Rico Mountains, a sub
sidiary group ox peaks on the southwest fringe of 
the San Juan Mountains. Although the peaks are 
high relative to the plateau country on the west and 
southwest, they are low relative to the Sar. Juan 
Mountains. The highest point is Blackhawk Peak, 
at 12,677 feet, 2y> miles east of the town of Rico. 
Other peaks that more closely overlook the town, 
all more than 12,000 feet in altitude, are Dolores 
Mountain to the southeast, Telescope Mountain to 
the northeast, and Expectation Mountain across the 
river to the west. The headwaters of the Dolores 
River flow-' south through the heart of the district, 
and Rico is on its east bank at the confluence of 
Silver Creek. This creek comes from the northeast 
between Telescope Mountain and high spurs, includ
ing Harts Peak, that extend out from Blackhawk 
Peak.

The lower slopes of the Rico district are generally 
mantled by wash, talus, and landslide debris that 
has slid down from the higher hill’s. Alluvial fans 
are extensive at the mouths of the larger creeks. The 
general effect has been to limit the rock outcrops 
at lower levels, including much of the mineralized 
area. The outstanding exception is Sandstone Moun
tain, on the west side of the river, 2 miles north of 
Rico. Here, an extensive landslide off the west slope 
of Telescope Mountain has pushed the Doiores River 
against its west bank, so oversteepening the slope
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Figure 1.—Index map of southwestern Colorado showing location of the Rico district.

that most talus debris on that side has gone into the 
river and has been distributed in the alluvial ma
terial along the valley below. The resultant- outcrop 
face on Sandstone Mountain exposes a stratigraphic 
section that has been of utmost importance in de
ciphering the geology of the district. Elsewhere in

the district, indifferent outcrops yield only partial 
sections that can be interpreted only by reference 
to the Sandstone Mountain section or to under
ground exposures.

The hills have a discontinuous forest cover in 
which aspen, Colorado blue spruce, and Englemann
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spruce at higher levels are dominant types. The 
timberline is at about 11,500 feet.

Although some mineralized ground is on the west 
side of the river opposite Rico, the major produc
tion from the district has come from mines east of 
the river. Some of these mines have been in blocks 
of ground mantled by thick wash and landslide 
debris. Because of their importance as mining areas, 
some of these mantled lower slopes of the moun
tains have been given special names. Thus, CHC 
Kill is the lower west slope of Telescope Mountain, 
and Newman Hill is the lower west slope of Dolores 
Mountain. The major mineral production has come 
from CHC Hill;-from Nigger Baby Hill, which is 
the long spur that extends southwest from Tele
scope Mountain and overlooks Rico; from the valley 
of Silver Creek about l1/; miles northeast of Rico; 
and from Newman Hill.

In the early production of the district, silver was 
the major economic product; but upon depletion of 
the rich silver ores, lead, zinc, and, to a less extent, 
copper have been the main products, and silver has 
been an important byproduct. Gold has always been 
a significant byproduct, and at least one small mine 
has been worked exclusively for this metal. In 1955 
a plant was built for production of sulfuric acid 
from massive pyrite ores, and in the next 9 years a 
substantial amount of acid was produced for use in 
uranium mills of the adjacent Colorado Plateau.

HISTORY

The early history of the Rico mining district has 
been given by Ransome (1901, p. 238-242) and 
therefore is only summarized here. The first claim 
was staked in 1869 on ground along the river at 
Rico, including parts of what later became the 
Shamrock, Smuggler, and Riverside claims. In the 
next 10 years, additional claims were staked within 
the Rico town area, on Nigger Baby Hill, in the 
mineralized area up Silver Creek, and in Aztec 
Gulch. Development work was intermittent, how
ever, and the claims were commonly abandoned on 
the approach of winter.

In 1879, oxidized silver ores were discovered on 
Nigger Baby Hill which were rich enough to 
attract a sharp influx of prospectors into the district. 
A mining settlement sprang up, civil government 
was organized, and a post office wms established at 
Rico. In the same year, ore was discovered and 
shipped from one of the veins in Newman Hill. 
General activity in the camp increased over the 
next few years. In 1880 a small smelter was built 
on the east bank of the Dolores River at the north 
edge of town to treat the ores from the Grandview

mine,, but it proved to be short lived. A second 
smelter was built at the southern end of town, be
ginning in 1882, and operated as a custom plant for 
nearly 2 years during 1884-86. Silver production 
rose to a temporary peak of 193,360 ounces in 1883, 
but it sagged appreciably in the next 3 years.

In 1887 a prospect shaft on the Enterprise claim, 
by pure accident, struck the edge of the largest and 
richest ore body ever found on Newman Hill. This 
was a blanket ore body of a type that proved to be 
very productive of rich silver ore during the next 
few' years, as further ore bodies were explored and 
opened in the extension of mining from this initial 
discovery. The Enterprise success stimulated de
velopment throughout the camp, and within the next 
few years ore had been developed in all the min
eralized areas that arc now known, including CHC 
Hill. The Rio Grande Southern Railroad Co. com
pleted a narrow-gage line into the camp in 1890, 
and within a short time spur lines were operating 
up Silver Creek and to the portal of the Enterprise 
Group tunnel.

The all-time peak of silver production was reached 
in 1893, 2,675,238 ounces, of which the mines in 
Newman Plill, particularly the Enterprise mine, con
tributed the largest share. The drop in silver prices 
during the 1890’s, and particularly the famous silver 
panic in mid-1893, affected Rico as it did all other 
western mining camps, and the production fell 
sharply in the next few years. Yet the fundamental 
cause for the decline as a silver camp was depletion 
of the rich silver ores. By the time of the Ransome 
(1901) report, the Newman Hill mines w'ere largely 
exhausted of all except low-grade base-metal ores.

In the early 1900’s, other parts of the district 
became relatively more productive, and by 1905 for 
the first time the combined values of lead and zinc 
produced in the district exceeded that of silver. 
Activity in the district waxed and waned with the 
economics of mining during the next several years, 
but there was substantial development and produc
tion each year. The demands for base metals before 
and during World War I stimulated the mining of 
base-metal ores, particularly in CHC Hill and in the 
mineralized area up Silver Creek. How'ever, peaks 
of production generally depended on the fortunes of 
ore discovery. A temporary peak for base metals 
was reached in 1913 w'hen the district produced 400 
tons of copper, 1,540 tons of lead, and 1,300 tons of 
zinc. Although the output of lead and zinc fluctuated 
at a lower level in the next few years, the all-time 
peak production of copper, 516 tons, was reached 2 
years later, principally from the Mountain Spring- 
Wellington mine of the Rico-Wellington Mining Co.
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in CHC Hill. Mining economic conditions began to 
deteriorate during the last year of the war, and 
production reached a low ebb by 1921.

In the mid-1920’s the mining industry at Rico 
revived, chiefly through advances in the metallurgi
cal industry. Perfection of the flotation process in 
the previous decade had made attractive such com
plex sulfide ores as prevail at Rico, and the mine 
operators were, for the first time, able to realize a 
fair profit on the zinc content of their ores instead 
of being penalized for it as in past years. At first, the 
ores were shipped to new custom flotation mills in 
the Salt Lake area, Utah, but in 1926 a 250-ton 
custom mill was built at Rico by the International 
Smelting Co. (subsidiary of Anaconda Mining Co.), 
and for nearly 2 years most of the output of the 
district was concentrated in this mill. The chief 
producing companies included theYKico Argentine 
Mining Col?working the mineralized area up Silver 
Creek on the south side of the creek; the Falcon 
Lead Co., working the Yellow Jacket mine and other 
properties nn Nigger Baby Hill; <£fie~Rico Mining & 
Reduction CnJ^ind (after May 1927) its successor, 
the St. Louis Smelting & Refining Co., working CHC 
Hill, the Silver Swan mine below Rico, and a small 
part of the mineralized area along Silver Creek; the 
Pelleyre Mining & Milling Co. (subsidiary of Inter
national Smelting Co.), working the Shamrock and 
several other properties in the district; Union Car
bonate Mines, Inc., working the Union Carbonate 
mine; and the Rico Enterprise Mining Co., working 
the Pro Patria and Revenue mines. The all-time 
peak of production for base metals was made in 1927 
when the district output was 5,308 tons of zinc, 4,994 
tons of lead, and 65 tons of copper. The mining boom 
was, however, relatively short lived. The custom 
mill at Rico operated only from October 1926 to July 
1928, when it shut down permanently. Ore that con
tinued to be produced for a time was shipped again 
to the custom mills at Salt Lake.

In 1929 mining at Rico was hit by the Depression, 
and by 1932, production had ceased. The St. Louis 
Smelting & Refining Co. drove its St. Louis tunnel 
and crosscut extensions into the east bank of the 
Dolores River under CHC Hill during the depth of 
the Depression (1930-32), but failed to reach the 
Mississippian and Devonian limestones in which 
deep replacement ores were prospective targets. 
Mining was resumed on a relatively small scale in 
1934, and production from several mines fluctuated 
over the next few years.

In September 1939, the Rico Argentine Mining 
Co. finished a new 135-ton flotation mill and began 
a period of steady production that brought a degree

of stability to the mining industry at Rico. This 
company was the major producer during World War
II. The Van Winkle shaft was sunk on the east edge 
of town in 1942, and for several years supplied a 
large share of the Rico Argentine production. The 
company has maintained steady production, though 
not always at mill capacity, to the present day except 
for two periods, May 1949 to July 1950, and June 
1957 to some time in 1959, when low base-metal 
prices made the operation uneconomic. The long 
crosscut from the St. Louis tunnel to the Argentine 
shaft on Silver Creek was finished in 1955, lowering 
the water level in the Silver Creek mine workings 
by about 450 feet and draining a large block of 
mineralized ground. At present, the company con
trols most of the mining properties from which the 
major past production of the district has come. Its 
mill capacity (1969) is rated at 150 tons per day.

In September 1955, the Rico Argentine Mining 
Co. completed and put in operation a plant for the 
production of sulfuric acid from pyrite. The acid 
was sold to several uranium mills operating in the 
adjacent part of the Colorado Plateau. The acid 
plant ran for 9 years, until a cutback in the uranium 
program destroyed the market for the acid. The 
plant was put on a standby basis in October 1964. 
Much of the acid production came at a period of 
low base-metal prices, when the entire mining facili
ties could readily be diverted to the mining of 
pyrite.

TRANSPORTATION FACILITIES
The narrow-gage railroad completed through Rico 

by the Rio Grande Southern Railroad Company in 
1890 served the district for 60 years. In its later 
days, locomotive power was supplied by various 
models of converted automobile gasoline engines. 
Eventually, freight from the mining industry at 
Rico and Telluride was not enough to sustain the 
railroad, and it was finally abandoned as uneco
nomic in 1951. Since then, mining supplies have been 
brought in and concentrates taken out by truck. At 
present (1969), all concentrates are trucked to the 
Denver and Rio Grande Western Railroad line at 
Ridgway, Colo., where they are loaded into freight 
cars and shipped to the Bunker Hill Co. reduction 
plants at Kellogg, Idaho.

PRODUCTION
Table 1 gives the production of precious and base 

metals from the Rico district from 1879-1968.
Between September 1955 and October 1964, the 

acid plant produced 316,108 tons of commercial sul
furic acid, 100 percent basis. In the first year and 
a quarter, pyritic tailings from the lead-zinc mill



6 GEOLOGY AND ORE DEPOSITS OF THE RICO DISTRICT, COLORADO

Table 1.—Gold, silver, copper, lead, and zinc produced in the Rico district, 1879-1968
[Figures derived by subtracting from the production of Dolores County that of the Lone Cone district, wlllch is the only other metal-producing 

district of record (1896-1041) in the county. Lone Cone production for 1890-1903 estimated (sold and silver only), for later years from un
published statistical charts furnished by the U.S. Bur. Mines. Production of Dolores County for 1879-1923 from Henderson (1926, p. 117); for 
1924-31, from annual volumes of U.S. Bur. Mines Mineral Resources of the United States: for 1932-62, from annual volumes of U.S. Bur. Mines 
Minerals Yearbook: for 1963-68, from unpublished statistics furnished by U.S. Bur. Mines. Compilation for Dolores County by Robert G. Luedke, 
U.S. Geo!. Survey)

Lode gold Silver Copper Lead . Zinc

Year
Kine

ounces Value
Fine

ounces Value
Short
tons Value

Short
tons Value

Short
tons Value

Total value

1879 .................... 73 SI.500 7.734 S8.662 2 S800 6 3410 $11.372
1880 .................... 169 3,600 30,938 36,579 14 6.206 60 6.000 60,285
1881 .................... 242 6,000 69,610 78.669 22 8.003 100 9.600 101.267
1882 .................... 484 10,000 86.078 96.989 27 10.314 100 9,800 .

127,103
1883 .................... 242 5,000 193,360 214,630 50 16.500 100 8.600

. ...
244,730

1884 ............. .. 73 1,600 64,141 60.097 76 6.624
......

67.221
1888 .................... 193 4.000 70.000 74,900 60 3,900 82,800
1886 .................... 414 8.661 75.836 76.078 396 36.432

.
120.071

1887 .................... 471 9,743 118.262 116.897 17 4.692 600 46.000
. . .

176.332
1888 .................... 846 17.470 123.852 116.421 500 44.000

__
177,891

1889 3.765 77.826 618.615 581,498
_

1.000 78.000 .
____

737,323
1890 .................... 7,661 166.297 848.785 891.224 1.000 90.000

__
1.137.621

1891 .................... 6,932 122.631 699.88S 692,889
. .

466 40.047 .
____

855.667
1892 .................... 11,401 236.6G9 1.285.179 1.118.106 7 1.513 1,542 123.327 1.478.615
1893 .................... 21.387 442.106 2.676,238 2,086.686 5 1.080 2.250 166,500 2.696.371
1894 .................... 9,318 192.626 1,163,326 726.695 15 2.850 1.000 66,000

__
988.071

1806 .................... 2.542 62.662 399,283 259,534 32 6.864 157 10.042 328.992
1806 .................... 216 4.465 221,393 160,547 660 33.000 15 *1.170 189,182
1897 .................... 603 12.464 104.901 62.941 20 4.758 647 39.378 119,641
1398 .................... 1.771 36.607 338,346 199.624 75 18.666 343 26.091 200 18,400 299.278
1899 .................... 1,234 26.603 167.052 94.231 22 7.611 1,023 92.080 50 6.800 226,230
1900 .................... 926 19.120 84,318 62.227 18 5,978 105 9.267 no 9.680 96.262
1901.................... 179 3.700 66,632 39.979 7 2.189 184 15,783 125 10.260 71,901
1002 .................... 296 6.118 46,311 24.545 8 1,837 194 15.941 124 11,937 60.378
1903 .................... 203 6.05G 46.096 24.362 74 20.220 72 6.024

.
66.662

1904 .................... 667 13,578 44,432 26.251 13 3.250 91 7,703 9 928 51.800
1906 .................... 206 4.260 29.406 18.275 60 18.602 420 39.495 278 32.820 113.532
1006 .................... 456 9.398 34.290 23.317 100 38.480 59 6.739 442 63,896 131.830
1907 .................... 132 2.734 20,317 13.409 50 19.899 27 2.801

____
88.933

1908 .................... 688 12,166 86.310 45.214 21 5,488 474 39.772 255 23.932 126,561
1909 .................... 614 10.641 64.375 33.475 22 5.621 230 19.756 84 9,049 78,542
1910.................... 320 6,616 49.706 26.889 48 12.113 62 5,470 44 4.G98 65.795
1911.................... 23 476 30.842 16,346 2 373 360 31.476 263 29.944 78.614
1912.................... 64 1.313 68.794 42.309 345 113.709 604 54.339 406 56.030 267.700
1913.................... 306 6.333 163.111 92,479 400 124.057 1,638 135.332 1,298 145.389 503.690
1914.................... 317 6.642 80.844 44.707 175 46.676 246 19.166 183 18,694 136.675
1916.................... 624 10.828 122,664 62.190 616 180.670 134 12,693 18 4.456 270,737
1916.................... 269 6.667 71.573 47.098 210 103,197 294 40.661 91 24,429 220.332
1917.................... 252 6,213 88.222 72,695 260 141,937 886 152.411 851 173,538 645.794
1918.................... 145 2.991 64.240 64.240 309 162.649 259 36,735 331 60.174 306.789
1919.................... 122 2,617 36.084 39.294 132 49.284 49 6.231 34 4.893 101.219
1920 .................... 85 1,759 28,556 31,126 3 1.262 396 61,762 115 18,619 114,508
1021 .................... 68 1,401 10.624 10.524 1 96 9 838

__ ....
12,869

1922 .................... 64 1,126 25.423 25.423 12 3.252 44 4.796
. ....

34.597
1923 .................... 66 1,164 33.471 27.447 28 8.336 81 11.331 69 9,384 67.652
1924 .................... 8 178 8,709 5.S36 6 1.545 89 14.167 11 1.417 23.142
1926 .................... 83 1,722 37,994 26.368 23 6.674 908 157.976 1.053 160.056 362.795
1926 .................... 189 3,902 92.040 57.433 54 15,036 2.917 466.760 2.981 447,150 990.281
1927 .................... 411 8.488 173.305 98.315 65 17,161 4,994 629,230 6.308 679.360 1,432.554
1928 .................... 1,044 21,686 360.653 205.132 444 127,730 4.626 624.964 4.646 566.812 1,446.223
1929 .................... 632 11,016 268.783 143.2G1 164 57.596 3.530 444.739 2.952 389.730 1.046.342
1930 .................... 886 7.976 80,683 31.063 155 40.170 678 67.760 695 67.120 204.078
1931.................... 34 697 1.648 478 1 182 36 2.663 41 3.116 7.026
1932 .................... 6 96 2 1

__ ....
96

1933 .................... 40 817 4.820 1.687 1 51 3 222
____ ____

2.777
1934 .......... ......... 352 12,287 49.302 31.872 10 1.584 119 8.843 107 9.202 63.788
1936 .................... 656 22.944 71.040 61,060 13 2.076 140 11.220 142 12.452 99.761
1936 .................... 309 10,801 20.031 15.514 7 1,288 119 10,948 139 13.950 62.501
1937 .................... 188 6,666 13.086 10.122 7 1,694 125 14.697 136 17.680 60.759
1938 .................... 34 1.200 4.642 3.001 2 333 29 2.622 30 2.880 10.036
1939 .................... 121 4.236 <1.356 28.072 65 13.416 762 70.688 867 90.168 206.579
1940 .................... 276 9.625 153.990 109.504 482 109.045 1.928 192.760 2,607 328.482 749.406
1941 .................... 102 3,670 112,715 80.153 62 14.632 2.525 287,833 3.004 450.600 836.788
1942 .................... 119 4.166 110.918 78.876 35 8,482 2.282 305.795 2.764 614.178 911.496
1943 ............... 127 4.446 146.021 103.126 72 18.785 2.5G6 384.900 3,652 788.832 1.300.088
1944 .................... 141 4,935 121.791 86.607 US 31.995 2.82G 462.240 4.657 1.038.996 1.G14.733
1946 ............... 167 6.495 152.266 108.278 86 23,220 2.440 419.680 3,920 901.600 1.468.273
1946 ........... 136 4,760 173.297 140.024 112 36,126 2.176 474,269 3,435 838.140 1.493.309
1947 .................... 104 3.640 124.109 112.400 109 46.691 2.042 588.168 3.433 830.S83 1.580.682
1948 .................... 103 3.780 132.312 119,749 74 32,116 2.430 869.940 3.180 845.380 1.871.465
1949 .................... 79 2.766 80.032 72.433 33 13.002 1.3S8 438.608 1.354 335.792 862.600
1960 .................... 71 2.485 72,735 65.829 35 14.5G0 1.138 307.260 1.366 387.660 777,794
1951 .................... 220 7.700 131.912 119.387 51 ' 24.684 2.231 771.926 2,527 919,828 1.843.525
1952 .................... 128 4.480 127.446 115.345 73 35,332 2.230 718.060 2,734 907.688 1.780.905
1953 .................... 95 3.325 103.008 94.042 18 10.332 1,871 490.202 2.634 605.820 1.203.721
1954 .................... 147 6.145 118,621 107,368 11 6,490 2.177 596.498 2,896 G25.636 1.341.027
1956.................... 166 6.4G0 114.302 103.531 5 3.730 2.202 666,196 2.571 632.466 1.401.383
1066 .................... 179 6,265 97,181 87.954 6 5,270 1.858 583.396 1.668 457.114 1.139.999
1967 .................... 13 455 8.829 7.991 1 181 201 67.515 159 36.958 103,100

1959 .................... ’*18 "630 17*662 15*894 *3 1.*7*5*0 *325 74*865 *362 83*214 176.353
1960 .................... 84 2,940 81.503 73.S46 10 6.3S8 1,377 322.183 961 248.041 653.398
1961 .................... 63 2.20S 49.001 45.384 7 4.290 833 171.444 947 217.695 441.018

k19G2 .................... 46 1.610 31.623 34.202 6 2.895 782 143.952 C81 156.722 339.381
11963 .................... 25 . 875 30,112 38.517 5 3.326 542 117,050 484 111.320 271.088
1964 .................... 22 770 21.039 28.367 3 2.184 434 126,677 498 135.443 293.441
1966 .................... 68 2.380 74.120 95.840 18 12.850 1.457 454,521 1.456 425.137 990,737
1966 .................... 68 2,380 54.633 70.511 26 18.664 1.109 335.220 1,147 332.674 759.449
1967 .................... 67 1.995 71.3P7 110.650 20 16.176 1.449 405.R04 1.708 472.849 1.006.474
1968 .................... 69 2.316 77.129 165.411 18 16.023 1.461 386.028 1.610 434.8 OS 1.003.586

Total 83.045 1,781,702 14.513.288 11.735.029 5.637 1.951.561 83.847 15.228.650 82.717 17.243.559 47.040.501
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altitude 9,742 feet and bears generally east-south
east, nearly parallel to the strikes of the Blackhawk 
fault and of the strata. Its portal is 25 feet within 
the hanging wall of the Blackhawk fault just south
east of the Last Chance fault junction, and the entry 
tunnel merges onto the fault 250 feet from the 
portal. The mineralized ground is in the hanging 
wall to the northeast. At 340 feet from the portal, 
the main tunnel crosscuts over to the northeast to 
follow the Alleghany fissure, which is parallel to 
and about 200 feet from the Blackhawk fault; but 
farther along the tunnel, a branch crosscuts back to 
the Blackhawk fault and drifts along a small break 
in its immediate hanging wall (pi. 3A). Maximum 
penetration of the Log Cabin tunnel is about 1,400 
feet into the hill.

The limestone beds mineralized include the H, 
I—J, K, and L beds at the top of the middle Her- 
mosa. The distribution of the beds at the Log Cabin 
level is shown on plate 3A. Most of the stopes at 
and above the Log Cabin level are between the Alle
ghany and Blackhawk breaks and within 210 feet 
of the latter, but those on the H and I-J beds follow 
eastward diagonally down the bedding to the Ar-

»|ntine level. As the Blackhawk fault also dips in 

is direction, though at a steeper angle, the dis
tance between the fault and the outer edges of min
eralized ground does not greatly increase. In a part 
of the ground, the stopes in the four ore beds are 
roughly superposed, indicating a common feeder 
system among the cross fractures. No single frac
ture can be mapped to account for this, but a system 
of connecting fissures are present. The ore solutions 
were thus able to travel from one to the other in a 
general zone of fracturing. The stope in the H bed, 
extending from below the Argentine level at the 
bottom to above the Log Cabin level at the top, is 
420 feet long and a maximum of 60 feet wide, as 
projected on a horizontal plane. The stope in the 
I-J bed bottoms at the Argentine level and extends 
up through the Log Cabin level to somewhat above 
the Carbonate tunnel whose caved portal is 109 feet 
above the Log Cabin portal. This stope (as pro
jected) is 580 feet long and a maximum of 150 
feet wide, though averaging 60-80 feet. The stope 
in the K bed, which is thin, bottoms between the 
Argentine and Log Cabin levels and extends through 
the Log Cabin level to some distance above the 
Smith tunnel, breaking through to the surface at 

upper end. It has a projected length of 500 feet 
a width that is generally less than 40 feet, but 

attains 90 feet at the upper end. A persistent bed
ding fault at the top of the K bed may have fur
nished the structural setting for the mineralization.

In the L bed, part of the stoping is superposed on 
that in the lower beds, but there is extensive stoping 
which is independent of that in lower beds. None 
of the stopes in the L bed extend below the Log 
Cabin level. The largest stope, superposed at the 
west end and running more nearly parallel to the 
strike of the bedding, is 580 feet long and maxi
mum 120 feet wide.

The Alleghany fissure, so conspicuous on the map 
of the Log Cabin level (pi. 3A), may have been a 
mineralizing fissure for all the traversed beds (H 
to L) adjacent to its northwest extent along the 
level, but it failed to mineralize the L bed for a long 
stretch near the southeast end of the level. The 
fissure is a fault of reverse throw and small dis
placement. It dips mostly southwest at 60°-80°, with 
the southwest side up 5-18 feet as measured on the 
level. The fissure contains 2-8 inches of gouge, 
pyrite, calcite, and, locally, some sphalerite.

BLACKSMITH TUNNKL

Although the Blacksmith tunnel has not been ac
cessible during the fieldwork for the present report, 
it is of special interest because of the stratigraphic 
units involved in the mineralization. The tunnel 
portal is S. 56° E., 530 feet from the Log Cabin 
portal, and about 267 feet higher. As interpreted 
from cross section and stope maps prepared by
W. R. Landwehr, geologist of the American Smelt
ing & Refining Co., the tunnel provided access to 
stopes in the two lowest limestone beds of the upper 
Hermosa within 200 feet of the Blackhawk fault. 
The stratigraphic units mineralized are Nos. 27 and 
29 of the composite section (see p. 24), whose bases 
are about 126 and 202 feet, respectively, above the 
base of the upper Hermosa. The lower stope trends 
nearly parallel to the strike of the bedding and is 
185 feet long and 40 feet wide maximum. The upper 
one, which is really two closely juxtaposed stopes of 
very irregular outline, shows an overall projected 
length of nearly 200 feet down the dip of the bedding 
starting from the Blackhawk fault and a maximum 
width of 120 feet. These stopes are not superposed, 
nor do they overlie stopes in limestones of the middle 
Hermosa. Lower limestone strata at the top of the 
middle Hermosa are pinched out against the fault 
below the level of the Blacksmith tunnel.

ARGENTINE TUNNEL

The Argentine tunnel is in the hanging-wall block 
of the Blackhawk fault northeast of the Log Cabin 
tunnel and about 160 feet lower, its portal having an 
altitude of about 9,588 feet. It trends in a general 
southeasterly direction nearly parallel to the strike 
of the bedding and shows an overall penetration of
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about 2,400 feet into the hill. In the first 930 feet 
are several prongs that are more or less intercon
necting, but beyond that, the working is a linear 
tunnel from which a few crosscuts have been ex
tended (pi. 3B).

Some of the prongs of the tunnel in the first 930 
feet intersect the lower ends of two of the large 
stopes previously discussed for the Log Cabin level, 
namely, those in the H and I-J beds. At their lower 
ends the outer edges of these stopes are, respectively, 
160 and 220 feet from the Blackhawk fault, as 
measured on the level. Much of the ore from stoping 
in the K bed between the Argentine and Log Cabin 
levels was also taken out through these prongs of 
the tunnel. The Argentine workings in this block 
also intersect mineralized ground in a lower bed, 
the E bed, which pinches out against the Blackhawk 
fault well below the Log Cabin level. The stoped 
ground in the E bed is small and is characterized 
by an abundance of garnet. Plate 3B shows the dis
tribution of the limestone beds on the Argentine 
level.

The Blackhawk fault has been probed by cross
cuts at four places (pi. SB), but no workings pene
trate more than 40 feet into the lower Hermosa 
strata of the footwall.

The other dominant structure revealed on the 
tunnel level is the Honduras fault, which is a reverse 
fault trending slightly south of east and dropping 
the strata on the north side about 140 feet. Although 
the displacement is in the same direction as that of 
the Blackhawk fault, the dip is in the opposite di
rection, mostly 70°-80° S. The fault break is occu
pied by 2-8 feet but commonly about 5 feet of gouge, 
quartz, and pyrite. The I-J bed limestone unit in 
the dropped block has been mineralized and stoped 
at a level between the Argentine and underlying 
Blaine level. This “4 bed" stope,’ though irregular 
in shape, is about 250 feet long in a direction nearly 
perpendicular to the fault and 90 feet wide at the 
maximum. However, another prong of the stope 
10-20 feet wide follows along the north side of the 
fault for a distance of 140 feet west from the main 
stope. Mineralization of this latter prong can be 
attributed to shattering along the hanging-wall 
side of the Honduras fault. The main northward
trending prong lies along the northwest side of 
the Rico Argentine dike; shattering of the lime
stone adjacent to the dike probably furnished the 
channelways for introduction of the ore solutions. 
However, the northern part of the stope is also 
traversed by a small fault dipping westward at

T The stope is labeled "4 bed" slope on mining company maps, but this 
is a misidentification. os ll is really in the 2 bed of cumoany terminology: 
ace the composite section, p. 24.

45°-60° and dropping the strata on the west about 
15 feet. Updip and a little farther north this fault 
was responsible for a replacement blanket of sul
fide ore at a higher stratigraphic level in the mid
dle tunnel of the Rico Consolidated mine (see p. 84). 
The remote end of the “4 bed” stope is about 450 
feet from the Blackhawk fault. The stope is of 
mineralogic interest in that cosalite and huebnerite, 
rare minerals for the district, are present in the 
massive pyritic replacement ore.

In the ground explored by the deeper parts of the 
Argentine tunnel, mineralization was not so exten
sive as in the first 930 feet. The deeper part of the 
tunnel follows the general course of the Alleghany 
fissure. Over much of the Argentine level this fissure 
is 60-120 feet northeast of the Blackhawk fault, 
striking nearly parallel to it but dipping generally 
in the opposite direction (southwest) at 60°-80°, 
except near the southeast end of the mine where it 
steepens through verticality and farther southeast 
dips parallel to the Blackhawk fault. Displacement 
on this level amounts to a few tens of feet, down on 
the northeast. Although the northwest end of the 
Alleghany fissure was apparently an important part 
of the feeder system for the mineralization in the 
front part of the mine, it was a less effective min
eralizer farther southeast. Nevertheless, there are 
some stopes that are obviously related to it. Where 
it intersects the I-J bed above the Argentine level 
in the 3-compartment raise to the Log Cabin level, 
'at 14.060N, 14,690E (pi. SB), a stope extends 
southeast for at least 180 feet. The stope is about 
10 feet wide, and narrowly confined to the intersec
tion of the fissure with the ore bed which here 
strikes nearly parallel to the fissure and dips about 
45° NE. This stope is about 150 feet from the 
Blackhawk fault.

At 250 feet from the southeast end of the tunnel 
where the Alleghany fissure dips northeast, its hang
ing wall contains the 138 stope which is a pyritic 
copper stope in the L bed, running eastward diag
onally down the dip of the bedding to the Blaine 
level. Owing to the gradual convergence of the Alle
ghany fissure and Blackhawk fault at this end of 
the mine, the 138 stope is also only a short distance 
in the hanging wall of the Blackhawk fault, 60 feet 
from the fault at the Argentine level and 120 feet 
from the fault at the Blaine level. The stope is 300 
feet long as projected on a horizontal plane and a 
maximum of 70 feet wide. Slickensides in the stope 
indicate that faulting along the bedding was an 
important structural preliminary to the mineraliza
tion. The stope is reported to have yielded 2 ounces 
of silver for each percent of copper.
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A crosscut to the northeast near the end of the 
Argentine tunnel intersects a bedding fault near 
and at the top of the L bed. There has been some 
stoping of this bed on and below the fault and updip 
from the level, but the amount of ore obtained was 
not great. The mineralized segment of the ore bed 
is bounded laterally by crosscutting porphyry dikes, 
one of which was offset by the bedding fault. Stoped 
ground in this block is a maximum of 250 feet from 
the Blackhawk fault.

RICO CONSOLIDATED TUNNELS
The three tunnels of the Rico Consolidated mine 

are about 400 feet northeast of the Argentine portal. 
The altitude of the upper tunnel portal is 9,629 
feet, and of the middle portal, about 9,563 feet. 
Both portals are caved; but the middle tunnel is 
accessible from the Argentine workings, and the 
upper tunnel is accessible from the middle tunnel. 
The lower tunnel is caved.

The tunnels enter the hill in an irregular, but 
generally, south-southeasterly direction. The mid
dle tunnel at about 600 feet from the portal hits the 
Honduras fault and drifts east on it for 250 feet 
|{pl. 3B). The strata traversed are chiefly the basal 
lart of the upper Hermosa. However, the L bed, 
at the top of the middle Hermosa, is intersected 80 
feet before the Honduras fault is reached and is 
also cut on the south side of the Honduras fault in 
the drift to the east. It is not mineralized.

The only mineralized ground is in the front part 
of the mine, in the lowest good limestone bed of the 
upper Hermosa, unit 27 of the composite section 
(see p. 24). Most of the mineralization is adjacent 
to the 210 Drift fault near its northeast end, and 
chiefly on its south or upthrown side. In contrast to 
its general vertical attitude elsewhere, the fault here 
dips 70° S., and hence shows reverse displacement 
amounting to about 20 feet. A large stope 20-30 feet 
wide plunges eastward diagonally down the dip of 
the bed at its intersection with the fault, and a 
pyritized blanket of the ore bed about 100 feet wide 
extends south from the fault diagonally up the bed
ding dip and nearly perpendicular to the fault. This 
pyrite blanket is traversed lengthwise by the small 
cross fault, dipping 46°-60° W., that is followed for 
several hundred feet by the main tunnel. The fault 
drops the strata on the west about 17 feet and also 
displaces the Rico Argentine dike (pi. ZB). It is 
undoubtedly the feeder for the sulfide mineralization 

the pyritic blanket. The center of this blanket is 
o low grade to be minable, but ore stopes were 

developed along its two sides. The larger stope on 
the east side is about 160 feet long as projected on 
a horizontal plane and is 15-20 feet wide. A bedding

fault at the top of the ore bed doubtless facilitated 
the introduction of the ore solutions. The presence 
of hydrated iron oxides and green copper stains in 
the walls of the stopes suggests that the ore taken 
out was partly oxidized.

An additional small stope was opened along the 
northwest side of the Rico Argentine porphyry dike. 
This stope was not completely mapped, so its length 
is not available. It has a maximum width of 20 feet 
but is for the most part only 6 or 7 feet wide.

The upper tunnel explores the ore bed at a higher 
level where it is massively pyritized, but there was 
only negligible stoping on this level, along the edge 
of the porphyry dike. The tunnel crosses the vertical 
Honduras fault at 590 feet from its portal and 
extends 155 feet farther into the footwall.

The stopes on the middle tunnel level are 600-800 
feet from the Blackhawk fault and 260-460 feet 
from the Honduras fault. It appears obvious that 
the 210 Drift fault, which in most places is a tight 
poorly mineralized fissure, has acted as a mineraliz
ing channel in this place, though the eventual trunk 
channel may well have been the Blackhawk fault.

JAMES G. BLAINE TUNNEL
The Blaine tunnel enters the southeast bank of 

Silver Creek just above creek level at an altitude of 
about 9,336 feet, 400 feet east of the Rico Argentine 
mill. It starts on the southwest side of the Black
hawk fault in the thick shale unit just above the 
H bed of the middle Hermosa and follows a general 
east-southeast course until it intersects the Black
hawk fault, 410 feet from the portal. From here, 
the course is southeast along the Blackhawk fault, 
though the fault is not followed in detail (pi. 3C). 
In the first 1,700 feet from the portal there is, in 
addition to the main haulage tunnel, an intricate 
system of drifts, crosscuts, and stopes that develop 
the blocks of ground on both sides of the fault, but 
particularly the northeast, or hanging-wall, side. 
Beyond 1,700 feet from the portal (measured in a 
straight line), the chief working is the main haul
age tunnel, but numerous tributary crosscuts explore 
adjacent ground. The total straight-line length of the 
tunnel is 3,750 feet, though the actual length is 
somewhat greater because of deviations in course. 
In the last 1,250 feet, the main tunnel diverges from 
the Blackhawk fault into its hanging wall, though 
crosscuts to the fault indicate that the tunnel is 
nowhere more than 125 feet northeast from the 
fault.

The structure in the front 1,700 feet of the Blaine 
workings is greatly complicated by the junction of 
the Honduras and Blackhawk faults on this level. 
Although both faults drop the strata on the north
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GEOLOGY OF THE RICO MOUNTAINS. COLORADO.

By Whitman Giioss smrl A irmuit Com Si’ENCek.

B R E F A C E.

By Whitman Oiiosh.

The Rico Mountains, tlie area discussed in the accompanying report, 
arc situated in southwestern Colorado near the. headwaters of the 
Dolores River. The summits of this compact and rather isolated 
group lie within an oval area about 7 miles in diameter from east to 
west and 5 miles from north to south. Some S miles to the northeast 
is the southwestern front of the San Juan -Mountains, and about 16 
miles to.the south rise the northern slop\ ,rf the La Plata Mountains. 
The peaks are' nearly all included within'the northeastern section of 
the Rico quadrangle., but a few lie to (he east of the one hundred and 
eighth meridian, in the Engineer Mountain quadrangle.

The name “Rico Mountains” was first applied to this group of peaks 
in the course of the work leading to the present report. On the Hay
den map of Colorado the term “Bear River Mountains” was used for 
the same group, but (hat name has never come into local use, and 
would now be a inisnomcr, for it is connected with a nomenclature for 
important streams which has also failed of acceptance in the settle
ment of the country since the issue of the Hayden map. On that map 
the stream non’ known as the “West 1 )olores ” River was called “North 
Fork of Rio Dolores;” themain stream, now named the “Dolores River,” 
was designated the “ South Fork of Rio Dolores, or Bear River,” and 
from the latter alternative name originated the term applied to the 
mountains in question. The. tributary of the Dolores heading in the 
La Plata Mountains has long been kijown as Bear Creek. On the 
Hayden map it has the name “ La Plata Fork.”

While the Hayden name for this mountain group has been rejected 
in local usage the engineers and miners of the region have failed to 
supply a new one, l.mt the individual character of the group, both 
geologically and physiographicallv, makes some name desirable, and 
that here adopted seems most, appropriate. The mining town of Rico 
is situated in-the Dolores Valiev, in the heart of the group.

15
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A detailed survey of the Rico Mountains has I men made liuili oil 
account of tlio ecomunie importance <>f (lie district and as a necessity 
in connection with (lie areal geological mapping of flic San Juan and 
adjacent mountains, now in progress. In the, course, of this work the 
Rico quadrangle was taken up in TROT and finished, with the excep
tion of the small area about Rico, where the geology was found to be 
so complicated as to require an accurate and detailed topographical 
base. It was also seen that an intelligent exploitation of the mineral 
resources of the district was practically impossible until such a geo
logical map should be available.

In the summer of IRUS the, topographical map was made, and on its 
completion the geological work was at once begun, but could not be 
finished before the snowfall of early winter. In the. season of 
the work was completed. During the work of the three years men
tioned Mr. Arthur G. Spencer was associated with the writer as assist
ant geologist Messrs. Ernest Howe, R. 0. George, and Jason Paige 
served at different times as volunteer aids.

In 1S97 Mr. C. W. Purington, assistant geologist, examined the ore 
deposits of the district, but I he determination to make a special map 
and report rendered it desirable to have a correspondingly detailed 
study of the economic resources in the following year, and to this 
duty Mr. George W. Tower, jr., was assigned, as Mr. Purington had 
meanwhile resigned from the Survey. Before preparing his report 
upon the Rico district Mr. Tower also left the Survey to engage in' 
private business. As some of the most complicated portions of the 
region, including the Silver Creek Valley, were not thoroughly under
stood during Mr. Tower’s work, a further study of the ore deposits 
in the light of the geology will be carried on by F. L. Ransomc'in the 
season of 1‘JOO.

»
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lie Whitman Chunk.

LITERATURE CONCERNING THE REGION.

J/ni/f/i.-ii (rcolof/icnl Snrrc.t/.—Tlic country adjacent to Iiico was 
visited liv geologists of the Hayden Survey in 1874 and 1S7C. ]n the 
former year the late F. M. Fndlieh examined the district to the east, 
the one hundred and eighth meridian, passing through Telescope Moun
tain, being apparently the general ■ western boundary of his held of. 
work. In 1871) W. IT. Holmes made a rapid reconnaissance over an 
enormous area of the, plateau country to the west. The complicated 
geology of the Kico uplift, coming on the border zone between the 
fields of different men working in different seasons, did not receive 
adequate, attention, and the Hayden map of this area is, therefore, quite 
unsatisfactory.

From his report, for the year 1S74 it would'appear that Fndlieh 
visited Mlackhawk Peak (".Station 87”), approaching it from the east, 
but that lie did not examine any other part of the mountain group. 
Since no benefit can come to the present report from a critical rev iew 
of Fndlich’s inaccurate observations and misconceptions regarding the 
local geology, they will be passed over with brief comment. He pub
lished two profile sections running through Blaekhawk Peak, but the 
data of these profiles, of the published map in the. (biological Atlas of 
Colorado, ami his statements of observations do not agree, and they 
are all decidedly erroneous in most particulars. Wlmt Fndlieh saw of 
the Kico dome structure was interpreted as a rather sharp anticline 
running- along Silver Creek, Some of the intrusive sheets about 
Blaekhawk Peak were observed, but it is difficult to understand on 
what'basis the porphyry sheet of Hcrmosa Peak was extended west
ward along tiro divide to the summit, of Telescope Mountain. Fndlieh 
later became the .superintendent of the first smelter at liico, but he 
published nothing further concerning the geology of the region.

The Hayden map of the western part of the Kico Mountains is the 
work of TV. H. Holmes, and the inconsistencies in stratigraphy aliout 
the head of the Dolores Kiver are due to the necessary adjustment 
between his work and that of Fndlieh. Holmes established a section 

2t CF.OL, it 2----- 2 . 17
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of the Mesozoic formations to the west, which wjis expressive, adequate 
to the needs of the reconnaissance map. and in its general features is 
to-day recognized as correct. Kndlich, on the other hand, laid estab
lished an inadequate and partially incorrect stratigraphic section for 
the same formations, and where these two systems of mapping came 
together there, was naturally a forced representation of unconformities 
by overlap which did not exist. This explains the thawing of the 
Hayden 'map about the Rico Mountains. The porphyry masses of 
Elliott Mountain and Calico l’eatt were observed by Holmes from a 
distance and represented with some approximation to correctness.

John, li. Iuiri.'-li. — In LS'.r2 John 11. Parish read a paper before the 
Colorado Sciont.ilit-- Society entitled On the Ore Deposits of Newman 
Hill, near Rico, Colorado.' The description of the ore deposits was 
preceded by some general remarks on the geology. The structure of 
the mountains was recognized by Parish as a donial uplift, and con
cerning it lie says: “The elevation of the mountains was associated in 
its origin with the intrusion of a laecolitie mass of porphyritie diorite, 
which may bo.seen a short, distance above the town. The amount of 
upheaval at the center of the uplift was several thousand feet. Its 
longer axis is at right angles to the course of the river, and is so coin
cident with the corresponding axis of the laccolite.” It is not evident 
what outcrops were assumed to represent the large laccolith, but the 
sheet,at the northern base of Newman Hill is referred to us an offshoot, 
from it. The rock of the laccolith is said to he probably a “ horn- 
blcndc-augite-porphyntc (a porphyritie diorite),” on the authority of 
R. C. Hills. Faults were recognized by Farish, but probably only 
the minor ones of Newman Hill.

The sedimentary rocks about Rico arc stated by Farish to be 
“ Lower Carboniferous and Carboniferous proper,” but the grounds 
for the determination are not given.

T. A. Rickard.—A detailed description of the Enterprise mine was 
published in lS9(i by T. A. Rickard, then superintendent of the mine.* * 

’In this paper there are but few statements concerning the general 
geology. The strata about Rico are said to be fossiliferous and to 
belong to the Lower Carboniferous, and the common igneous rock 
is called porphyrite, with a concise description by R. C. Hills. 
Rickard refers to “a large, dike of porphyritc” crossing the valley 
north of Rico, “making a fault which breaks the continuity of the 
country on either side." It would appeal- that this reference, as well 
as that of Farish, above noted, concerning the supposed laccolith, 
must be to the mass of schists with small dikes of honiblcndio por
phyry: but the position and importance of the fault are not further 
indicated.

1 I'ror. Olonxl" Sci. Yol. IV, j*j», liil-JiVJ.

* Trim*. Am. JnM. Min. Eng.. Vol. XXVI. j»p. !utM$0.
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Tlie papers of both Parish and Rickard deal mainly with the Enter
prise mine and give many important details of the geology of Newman 
Hill, as thus revealed, to which reference will he made further on in 
describing this locality.

TMur'ulc ami La 1 ‘lata folios.—The first results of the resurvey of 
the San Juan region, now in progress, are contained in the Tclluride 
folio, No. 57 of the Geologic* .Atlas of the United Stales, issued in 
1S!»9. The southwestern corner of the Telluride quadrangle is situ
ated almost at the northern base, of the Rico Mountains, 4 mill's north 
of Telescope Mountain. "While the structure of the Rico Mountains 
extends into the Telluride fpiadrangle but a very short distance, the 
Mesozoic formations there exposed are the same seen at Rico, and the 
discussion of several of them is fuller in the folio than in the present 
report. But the most important bearing of Telluride geology upon 
that of the Rico Mountains is in connection with the intrusive mon- 
zonitc porphyries, the stocks of granular rocks, and the surface vol
canic scries of the San Juan. Thchgeof the Rico dome, the conditions 
at Rico at the period of its elevation, and other problems of local 
geology must be discussed in the light, of the facts observed in the 
Telluride quadrangle.

The La l’lata Mountains, situated mainly in the quadrangle of the 
same name and lying directly south of Rico some 10 to 25 miles, 
arc so analagous to the Rico Mountains in general character that their 
description in the folio now in press (GeologicFolio No. 00, La Plata) is 
in a measure supplementary to that of the Rico group. The domal 
structure is simpler because there are no profound faults, the intrusive 
porphyries are of the same general character as those of Rico, and there' 
are several stocks of granular rocks, monzonitc. diorite, and syenite, 
cutting the porphyry sheets.

«

GENERAL DESCRIPTION OF THE MOUNTAINS.

7 iii/u'iof/raj/hic Trial hats of the moan/alii. r/roaj>.—The Rico Moun
tains form a small, compact group of peaks resulting from the deep dis
section of a local dome-like uplift of sedimentary and intrusive igneous 
rocks. This uplift appears on the eastern border of the Dolores 
Plateau, which is continuous westward with the. Great Sage Plain of 
Utah, extending to the brink of the Colorado Canyon. The termina
tion of the Dolores Plateau on the line passing through the Rico and 
La Plata mountains is due to a change in the attitude of the underl
ing sedimentary formations. Hcncath the plateau they are approxi
mately horizontal, but on the line mentioned they come under the 
influence of the monodinal folding which hies taken place in a broad 
zone adjacent to the Sail .limn Mountains.
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The relations of tl>t> Rico Mountains to'the Dolores Plateau are well 
illustrated by the topographic map of the ltico quadrangle. On that 
sheet the plateau surface is shown crossing the western boundary with 
n general elevation of al>out 0.400 feet., vising very gradually for several 
miles and then merging into a gently dipping surface on the borders 
of the Rico uplift, a short distance beyond the limits of the r- -••.iul 
map. To the east of the Rico Mountains the count r-- 
undulating character, modified by a few prominent 
igneous rocks. PI. 1 exhibits the character of the zone !•••. •
Rico and San .luun Mountains as seen from near the summit of Black- 
hawk Peak, the highest of the Rico group. At a distance of S or 10 
miles rise the very rugged peaks of the San .1 uan. In the middle 
ground, on the. right, is llermosa Peak, caused by an intruded por
phyry m:ess which is probably continuous with the white cliffs of Plat 
Top, seen on the left hand of the view. The low mountain with a 
light-colored band on its southern face, about 2 miles from Blaokhawk 
Peak, presents a beautiful section of the white La Plata sandstone, 
dipping gently away from the point of view under the influence of the 
Rico uplift.

Another view of this belt of country east of the Rico Mountains is 
presented in PI. II, a photograph taken from the knoll (11,S8G feet) 
on the divide northeast of Telescope Mountain, looking east toward 
Hermosa Mountain. In PI. XIX (p. 14S) is shown the character of 
the country between the Rico and La Plata mountains. The crest line 
of the central portion of the view is Indian Trail Ridge, the divide 
connecting the two mountain groups, which is made up of ml Triassic 
strata dipping at. a low angle southwest and passing under the Jurassic 
and Cretaceous buds on the right-hand border of the view.

Drainatjt: Kijxtt'm (mtl.vefjctation.—The Rico Mountains arc cut into 
two nearly equal parts by the Dolores River, which receives all the 
drainage from within the group and from its northern and southern 
slopes. On the western side a portion of the drainage is into the West 
Dolores River, and on the cast heads one of the tributaries of the 
Animas River.

Timber line in the Rico Mountains lies between 11,500 and 12,000 
feet, and its course may be traced in several of the illustrations 
accompanying the report. The trees and shrubs arc those common in 
the mountains of Colorado, with perhaps greater variety than usual in 
the lower sheltered valleys.

Detail* «%f2>liif$i<i<ir<ijthti.—A glance at the accompanying map (PI. 
XXII, in pocket) shows that the Rico Mountains consist of a circle of 
high and rugged peaks, divided into two crescent-shaped halves by the 
Dolores Valley. There are twelve peaks, each exceeding 12,000 feet 
in elevation above sea level, and the narrow crest connecting them 
rarely sinks below 11,500 feet on either side of the river. In passing
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RECENT GEOLOGIC HISTORY.

Many of tlic features of post-Glaeial geology at ltieo are inseparable 
in origin from similar features of Glacial and earlier time, since in 
those parts of the area that were nut covered by the ice similar proc
esses of general erosion and of local deposition were, active throughout 
the Glacial stage. For this reason, in classing the following phe
nomena .as recent., there, is no intention of limiting their age to the 
post-Glaeial, but rather to indicate that the conditions which have pro
duced them have continued down to the. present time. The recent 
phenomena of the liico region may be classed as (.hose of erosion and 
those of deposition. The latter will include landslides, talus and ava
lanche materials, river gravels, and spring deposits.

JUt-Glacial cri'sinit. — If the gravels observed by jMr. Cross at an 
elevation of TOO feet above, the river on the northern edge of the 
monzonile are really of glacial origin, they indicate a much greater 
accumulation of Such debris in the Dolores Valley than would be sug
gested by any other occurrences. But even if they are glacial, the work 

, of the river seems to have been largely the removal of the gravels, with 
little cutting into the underlying rock. In Deadwood and Allyn 
gulches the streams have cut down through the unconsolidated gravels 
of glacial origin, but this is a task which they could have easil}' 
accomplished in a short time. Similar indications of the small effect 
of post-Glaeial bed-rock erosion arc seen in Silver Creek, where the 
stream has locally excavated narrow canyons in the wider valley of 
glacial origin, but these canyons have in no instance exposed the bed 
rock to a depth of more than possibly 20 feet, and in many places the 
stream is working upon debris of very recent origin, which has- been 
thrown into its channel from the side gulches and ravines. All the 
evidence serves to point to the recency of the glacial occupation and 
to the small amount of erosion which has since ensued. The present 
topography is in no essential feature different from whatdt Mas pre
vious to the accumulation of (he ice. Before that, the streams had 
found their present courses and had practically assumed their present 
grades. Greatly in excess of any topographic changes due to erosion 
are those attributable to the constructional features which arc dis
cussed in the following paragraphs.

Vuvietics of surface </r/wxi/n.—The surface deposiLs at Rico arc of 
•very diverse character and origin, and, as lias been seen in the dis
cussion of the glacial gravels, they are not easily separable as to origin. 
They are very troublesome to the geologist, since they cover the cen
tral part of the region to such an extent that it has been found impos
sible to work out the geology of the solid rocks underlying. Conse
quently it is necessary to represent them on the map, and for this 
purpose live distinct patterns have been used to distinguish (1) areas
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made up principally of landslide material; (2) valley gravels: (•'!) allu
vial cones; (-1) spring deposits; (5) materials of other origin, such as 
avalanche, glacial, and surface wash.

La nihil Max.—The most, important surface deposits in the Biro Moun
tain arc of landslide origin. One such slide lias materially altered the 
grade of the Dolores Hirer north of Rico. others have changed the 
profile of Horse Gulch, while still others lend their characteristic 
pseudo-glacial topography to the mountain slopes in several places. 
This feature of the Rico region has linen specially studied by Mr. 
Cross, and its description and discussion are given a separate chapter 
in this report.

Tftlvx.—Accumulations from the wasting of cliffs are related in 
origin to landslides, lint, are composed of many small blocks loosened 
by frost action or by heavy rains, whereas landslides, though they 
may eventually become very much broken, arc at lirst. cssrntiall v large 
masses. .Talus forms are of frequent occurrence at. Rico, and while 
in many cases, especially in the lower parts of the mountains, their 
even slopes are covered with vegetation, in other eases they are 
entirely bare and then suggest, fhcniauuer in which they were, formed, 
namely, by the. rolling and sliding of loose, rock fragment's under the 
action of gravity. They are well illustrated in several of the. accom
panying plates, particularly in 1*1. Vf (p. 2S). showing the.'sleep talus 
at the base of the. Sandstone Mountain cl ill's, and in t he', view of Calico 
Peak (PI. VII, p. 32) and lhat.of Black hawk and Dolores peaks from the. 
north (PI. IV, p. 24). 'The long talus streams upon the. west slope of 
Nigger Baby Hill are largely derived from I lie. mines which are. situated 
at their heads, but. the whole adjacent slope, is covered by natural talus 
or wash through which.very few outcrops appear.

Related to talus are the materials dislodged by avalanches and 
deposited where their force is spent. Much of the. loose material 
upon Newman and C. II. C. hills has been hronght.down in this wav, and 
the paths which have been cut through the timber upon the. western 
slope of Dolores Mountain may be made out. from the. photograph of 
thisslopc (PI. Ill, p. 22). Other rav ines Ilian these, which have been the 
tracks of snowslide.s, may be seen at various places. Some of the best 
marked are on the south side of Burnett Creek, upon (lie. think of 
Landslip Mountain.

The deposits of Papoose Gulch and in the hend of Marguerite. Draw 
west of Mount Dlliott. have been mentioned in discussing the. glacial 
phenomena, where they are considered as connected with former great 
snow banks. Probably this is, in part at least, their true, origin, but 
avalanches may have been also concerned in their formation.

Surface wttn/i.—In regions where the. agents of erosion have been 
as active as at Rico rocks do not decay in situ by surface weathering, 
and consequently residual soils, such as cover the rocks in many low- 
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lying regions, do not accumulate. Surface wash is composed almost 
entirely of fragments derived from the higher slopes of the mountains, 
or from the disintegration of landslides which, gradually moving 
toward the valleys under such eil'ec.tivc aids to gravity as snow, rain, 
and frost, have been spread in varying thickness over extensive slopes, 
hiding the underlying formations as completely as have the more, 
massive surface deposits. As may he inferred from such an origin, 
the materials of the surface wash arc as a rule more completely pul
verized than the other forms of surface deposits.

As in the case of all the surface deposits, the. representation of surface 
wash on the map is generalized and the indicated boundaries are to be’ 
taken as approximate. The symbol under which they are included is 
intended to apply to all areas not referable to the three classes of land
slides, valley deposits, and alluvial.fans. It. thus comprises the materi
als of mixed origin covering Newman Hill and the opposite slope west 
of the river.

Valley dojwUx.—The valley deposits of the Rico region comprise 
the gravels of the present flood plain of thcrivur. They consequently 
occur in a band across the area and bordering the river, but- inter
rupted above Horse Gulch by the. great landslide at the base of C. II. G. 
Hill. This mass of rock which has been projected into the valley has 
pushed the stream against the western bank of the canyon, where it is 
now cutting in the solid rocks of the lower Iiermosa. As may be seen 
by referring to the topographic map. it has interfered with the natural 
grade of the river, which is now abnormally steep adjacent to the slide 
block upon the lower side, and as notably low in the reach upstream 
from it. The landslide at first formed a dam across the river, causing 
slack water for perhaps a mile and a half upstream. From the even 
spacing of the contours below the dam it is believed that the original 
stream bed at the. lower end of the. Hums meadow is approximately 
75 feet below the. present, position of the river, the same ligurc repre
senting the thickness of the materials deposited by the river at this 
place. If the same spacing which is noted below the landslide were 
continued upstream the !).0511-foot, contour would have approximately 
its present position, so that it may be taken to represent about the 
upper limit of the. effect of the. landslide- in changing the stream grade. 
From the dam to the present, crossing of this contour the distance is 
slightly in excess of 1 mile, and the fall of the stream is not more 
than 25 feet, or less than one-fourth the normal fall for this distance. 
The northern edge of the landslide block and the Hat above it are 

shown in PI. XVI (p. 142).
The materials of the valley deposits are coarse gravels and sands 

which the river has derived from its tributaries and which it has rolled 
along and distributed within its immediate valley.

Alluvial fans.—The steeper gulches which open directly into the
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Dolores Volley Intve nil afforded detritus faster than the river has been 
aide to coit)' it oil', so that the debris brought down by the side streams 
has aeeumuloted in conical banks at tin: mouths of the gulches. Such 
accumulations are commonly known as alluvial fans. They are a 
characteristic feature of the union.of streams of Sleep grade with 
those of low declivity, s.incc the transporting power of the steeper 
streams is suddenly diminished when their grade is reduced. Theside 
streams at Rico do not at ordinary times carry any appreciable load of 
gravel, transportation heingeonlined tu times of flood. Heavy showers 
and cloud-bursts sweep debris into the steep gullies, and this, carried 
down to the main valley, is dropped, nndVIie channel of the stream 
becomes inclosed by natural dikes, so that on becoming choked at any 
Lime the torrent will take a new course and, changing from time to 
time, will finally have, swept through an arc. limited by the valley 
walls and varying in width from 1)0 to 120 degrees. It is by thus 
changing its channel that the stream is able to build up the conical 
heap at its moiiUi.

At Rico man)' of the characteristics of alluvial fans are beautifully 
illustrated. An inspection of the. map will show the extent'of the 
principal ones and the. different relative positions of the stream chan
nels upon the cones, and in several cases the contouring indicates the 
lines of former channels. The typical appearance of the alluvial fans 
is shown in PI. XXT, from a photograph of the Aztec fan taken at a 
point upon the east side of the river near the wagon road. Jn this 
case the present channel is central. Other abandoned courses may be 
made out in the. aspens on the north side, and another exists along the 
southern edge hut can not lie seen in the illustration. An interesting 
feature also shown in this photograph is the smaller fan which has 
been formed in front of the larger one. Prom the relations exhibited 
it appeal's that the great fan originally extended farther to the east 
than at present, but. that the river in shifting its course was thrown 
against its base and cut away its lower portion, producing the steep 
bank now exhibited. During this period of cutting the channel on 
the fan probably had a location dill'erent from the present. Since the 
channel was located at the position which it now has a secondary fan 
has been formed by material, a portion of which seems, from the 
depth of the channel, to have been derived from the upper part of 
the main fan.

Other fans than those represented occur in Silver Creek at the mouth 
of Allyn Gulch and of the nextgulch above upon the south side. Also 
a portion of the surface materials upon the hillside west of Rico may 
have been formed in the same manner as the fans of the lower valley, 
which they very closely resemble as topogiuphic. features. These have 
not been distinguished from the adjacent surface ddbris.

Co/car cons .yu-im/ <!.<•./nwit*.—The Rico Mountains arc well watered,
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nncl even in the driest seasons most of tin: gulelios contain very con
siderable, streams which arc. fed by springs. The water of the springs 
is usually impregnated either with lime or with iron, probably of 
rather supe-rlieial origin, and locally these ingredients are fre<|iicnfly 
present in sufficient, amounts to separate from solution and form depos
its upon the surface, or in the. interstices of gravel or other loose sur
face materials. Iu some, eases the waters, besides their mineral con
tents, are impregnated or accompanied by gases, such as sulphurated 
hydrogen and carbonic acid gas.

The generally calcareous nature of the spring water at Rico is a 
direct result of the, richness of the prevailing sedimentary formations 
of the central region in carbonate of lime, but in most eases the amount 
of the mineral held in solution is not suflieient to give. rise, to important 
deposits of tufa. There, are, however.sevei-.il such deposits which are 
situated m>on the lower slopes in localities where loose materials cover 
the solid rook for some distance above the springs. From this relation 
it seems likely that the waters travel underneath the surface of the 
ground from the. higher elevations and, percolating through the loose 
surface materials, dissolve en route carbonate of lime, which they rede- 
posit upon emerging at the. surface, partly by evaporation and loss 
of carbonic acid and partly through the, agency of the animals and 
plaids which inhabit the. boggy places about, the springs. The lime is 
frequently deposited in such a way that ponds are, formed, and in these 
small snails find a congenial habitat, the shells of successive genera
tions gradually adding to the. growth of the. lime deposit. Moss grow
ing in the hogs is continually sat,united in the calcareous water, and 
heroines at first coated but finally entirely impregnated with the lime, 
giving rise to a spongy mass which-is often found near the lime springs. 
Gi'asses, leaves, and twigs falling where the. water can trickle over 
them are quickly entombed, and upon decaying leave their character
istic forms impressed upon the resulting rock. Leaf impressions may 
be found at almost, any of the. springs; they are especially well shown 
in the deposits above, the wagon road south of Horse Gulch.

The principal deposits of calcareous tufa have been outlined on (lie 
map, by reference, to which I heir extent, nml (list rilmtion may lie seen.

Atone locality the tufa lias been ipiarried for a kiln and has found 
a considerable use, since it is conveniently located and produces lime, 
of good quality.

Ferruginous deposit*. — Iron-bearing springs occur at several places 
in the Rico Mountains, mid have left local deposits of iron oxide, 
cementing surface debris and forming what is commonly known as 
“iron cap.” Though occurring at other places, these ferruginous con
glomerates are especially in evidence in Silver Creek above the Fort 
Wayne tunnel, in the upper part of the northern and western branches 
of Horse Gulch, and in the lower part of Horse. Gulch at the base of
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tins northern landslide urea. Their origin is probably connected with 
the oxidation of iron pyrites, hut their occurrence can never be safely 
taken as a clue to the proximity of large bodies of that, mineral.

(rfis .sjtrinys.—Kmanations of carbonic nc.id gas and of sulphurated 
hydrogen accompany many springs of water in the Rico l egion. The 
former is continually escaping in large rpiantitics in the central part 
of the dome, white the latter is noted in many places on the west side 
of the. mountain group in the. drainage, of Stoner and Bull creeks. 
Both gases doubtless have their origin in chemical changes which arc 
going on at a greater or lesser depth beneath the. surface, and the 
waters with which they are. associated may or may not lie of deep- 
seated origin, hi some places they certainly are not, for in the case 
of the sulphur springs the water increases and diminishes with the 
humidity or dryness of the season, and at certain times the (low of 
water ceases entirely, hut, the gas continues to escape. Tt appears that 
in such instances the gases have found the same, channels along’ which 
the waters are circulating and that the two mix and escape together. 
Jn like manner it is notable that the carhonic acid gas, which is escap
ing in large ipiantities in various places, is far in excess of the amount 
which can be. absorbed by the. water with which it. issues, and in mine 
workings the gas is frtapientl}- encountered where it Hows up from 
crevices wit.hout.aiiy water atall. In one of the borings of the Atlantic 
Cable'Company, made several years ago, a How of gas was tapped 
which, being confined, is said to have, had a pressure of more than 50 
pounds and to have maintained it, with slight decrease, to the present 
time. A similar pressure is reported to have, been shown by gas 
encountered in a borehole in the Rico-Aspen workings.

Several tunnels in the. west hank of the Dolores at Rico have struck 
carbonic acid gas escaping from many rissurcs in the highly shattered 
rocks in the vicinity, and a spring of water st.ronglv charged with this 
gas bubbles up through the gravels of the. river bed not far from the 
Shamrock tunnel.

Several of the. carbonic springs at. ltico are locally known as “soda 
springs,” and, while, no analyses hare been made of their waters, there 
is no reason for doubting the correctness of this designation. Their 
waters are highly charged with gas, an excess of which escapes in the 
form of hubbies, and are cool and of a delicious llavor. resembling, in 
this respect, the. waters of known soda springs at other localities in 
Colorado.
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SUMMARY

There is a possibility that natural resources may be discovered or further 

developed in any of the geologic units delineated by the principal map. Therefore, 

consideration must be given to the diverse future needs in areas of high develop

ment potential. The following examples point up the multiple use potential for 

some of the map units.

1. Alluvial deposits are a primary source for construction 
materials, sjch as sand and gravel, and are commonly found 
in stream valleys which are suitable for agricultural and 
residential development. Abandoned quarries can be 
developed into recreation sites.

2. Sedimentary rocks are host for fuel and energy resources 
(uranium, coal, gas and oil), and these rocks underlie many 
existing large communities in the Planning District.

3. Igneous, met^morphic and volcanic rocks locally yield signi
ficant amounts of metallic minerals. These areas are also 
attractive to recreational community developers.

Massive land movements or other unstable surface conditions are found most 

commonly in areas having moderate to extreme topographic relief and abundant 

moisture. However, this generalization is too restrictive for Planning District 9. 

The Mancos and Lewis shales are potentially troublesome even in areas of low topo

graphic relief. These clay-rich rocks are seen to creep or move slowly down gentle 

slopes where they are poorly drained and/or altered by construction. The potential 

for unstable surface conditions must be evaluated carefully for every proposed 

development site.

The need for soil investigations at all construction project sites is seen 

dramatically throughout the District. Many public and private buildings have 

structural damage which has been caused, at least in part, by swelling or settling 

soils. The life of any structure can be prolonged significantly by proper foundation 

aesign based on good soil engineering data.

General areas of flood danger or erosional hazards are found in association
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with all drainage basins located within PIanning'Distri ct 9. The history of 

flooding within the District may fail to properly emphasize the importance of 

this observation. However, as the population density increases, so will the number 

of structures situated on flood plains. Planning efforts must take this fact into 

consideration and regulate development on flood plains to prevent future tragedies 

and economic loss.

Areas of high water table, both permanent and seasonal, are found throughout 

the District. This troublesome feature is related directly to geology and precipi

tation. Little control is available for regulating precipitation, but geologic 

investigations will delineate areas where rocK materials have poor permeability and 

can point up corrective measures which will enable developers to make safe use of 

such land.

The text of the report clearly points up the fact that not all rocks nor 

physical settings are suitable for solid waste disposal sites. Geologic evaluations 

must be made to determine whether the rock material in question is workable and will 

provide an effective seal, and whether there is any danger of pollution to a community 

water supply. With these guidelines, planners can be aware of special studies needed 

to meet public health standards.

There is a distinct possibility that mine dumps found throughout the 

District may be contributing to environmental pollution or presenting hazards 

to the unwary developer. The intensity of the problem will be related to the type 

of mine (such as the subsidence or the water contamination potential associated 

with coal mines) and the proximity of the mine to streams or water bearing rock 

units. Thorough investigations and reclamation projects may have to precede 

development work in some of the intensively mined areas within the District.

Many critical geologic factors affecting planning.and development are 

explained in the text of the report. This information provides guidelines to
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those responsible for protecting public interests within the District. Appli

cation of this data will help to ensure safe, efficient and environmentally sound 

land use decisions. In summary, the need is stressed for site-oriented geologic 

and engineering investigations to evaluate problems and provide solutions for 

specific land use proposals.

t
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PHYSIOGRAPHIC FEATURES

The five county area whi.ch comprises Planning District 9 is situated in the 

southwest corner of Colorado. The Continental Divide is located near the northeast 

side of the District - lying within parts of the eastern sides of Archuleta and San 

Juan Counties. Elevations are seen to range (southwest to northeast) from 4,900 

to 14,250 feet above sea level. The mean elevation is approximately 7,500 feet.

The region can be described as mountainous, although the western and southern areas 

are part of the large physiographic province called the Colorado Plateau (Figure 3). 

The plateau region is dissected by drainage patterns which provide topographic 

continuity to the rugged nature of the alpine region. Principal rivers flow in 

south-southwest directions across the region with the exception of a part of the 

Dolores River which flows northwest through the northwest corner of the District.

i

GENERAL GEOLOGY

Figure 4 illustrates the geologic evolution of the State of Colorado and 

lists the geologic events for Planning District 9 in the order of occurrence.

This synopsis shows the development of the various geologic units which eventually 

formed the present features of the area. A numerical cross reference is provided 

for the two parts of Figure 4 so that comparisons can be made between local and 

regional geologic events.

The geologic history of the Earth goes back approximately four billion years 

when the Earth was probably nothing more than a molten mass. The geologic history 

of interest to this report began about two and one-half billion years ago during the 

Late Precambrian Era as masses of various types of sedimentary and igneous rocks 

were repeatedly formed, buried, altered, uplifted and injected with new igneous 

bodies. About 600 million years ago, the first well-defined geologic periods began. 

The first was the Cambrian Period during which sand and lime accumulated in the sea 

which covered the District. Approximately one hundred million years later, the
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Colorado Plateau

MAJOR PHYSIOGRAPHIC FEATURES OF PLANNING DISTRICT 9

Figure 3
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GEOLOGIC EVENTS IN PLANNING PI ST. 9
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Glaciers cover the San Juan Mts. and carve present 
landforms .

Extensive voiconism: Silverton Caldera formed.
ROCKY MOUNTAINS UPLIFTED: San Juan Basin subsides.

Lime and mud deposited in eastern Colorado as seas deepen: 
Sand deposited in western Colorado from lanrimnssos in Utah,

Sands deposited in shallow seas covering the entire state.

Mud and sand deposited from a low landmass in central 
Colorado.

Mud and sand deposited from mountain remnants in central 
and we:.t. central Colorado.

Trequent uplift and subsidence of land, advance and retreat 
of seas.
Sand and mud deposited in the shallow seas covering the 
Paradox Basin as the mountains erode and subside.

Salt deposited in the Paradox Basin.
Mountains uplifted in the central and southwest portion of 
the state; Paradox Basin subsides.
A low landmass emerges in the northeast portion of the 
District.

Lime deposited in seas covering the District 

Landmass subsides to become a shallow sea.

District is uplifted to form a low landmass.

District is covered by shallow seas: lime is deposited.

All of earth history to the Cambrian occurs in the Precambrian, 
little of which is preserved in the rock record.

Figure 4



Ordovician Period began with the gradual uplift of the region effecting the with

drawal of the sea and terminating the deposition of sodimonls. rho rooion > •« t n<\l

positive (a land area) throughout the Silurian Period. Slightly more llwm 400 

million years ago (Devonian Period), the area was submerged and lime sediments 

accumulated in the shallow sea. Later, during the Mississippian Period, a broad 

region was uplifted to form mountain ranges in approximately the same location as
i

the present Rocky Mountains. During the Pennsylvanian and early Permian-Periods, 

the southwestern part of the District was subjected to alternating times of emergence 

and submergence. Shallow marine sediments consisting of sand, clay and salt 

accumulated in the region. Between 250 and 130 million years ago, Late Permian to 

Early Cretaceous time, the pattern of alternating uplift and subsidence of the land 

continued. Sediments forming in these seas included sand and^clay, but not evaporites 

such as salt and gypsum. Shallow seas covered the entire State during the Cretaceous 

Period, and most of the sedimentary rocks that are found in the area today were 

deposited during that time. About 70 million years ago, the Tertiary Period began 

with extensive volcanism and mountain ouildiitg movements. During that period, the 

San Juan Mountains were formed and the San Juan Basin subsided to form a small sea. 

This sea was probably an inland sea much as the Great Salt Lake is now. It was 

during this time that the Rocky Mountains were uplifted to their present position. 

Approximately 1 million years ago, during the Quaternary Period, much of the area 

was covered by mountain glaciers which carved the present land forms. In Recent 

Time, erosion of these land forms has produced the topographic relief seen today.

HOW TO USE THIS REPORT

This report has been prepared specifically for Planners and other Public 

Officials who share the broad responsibilities for making safe, effective and 

environmentally sound land use decisions. It has been assumed that those reading

-6-
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CERCLA Eligibility Worksheet

Site Name £Vco •

City 12 \ c-o State

EPA ID Number ^0.0 960^ Sz5 i9

Note: The site is automatically CERCLA eligible if it is a Federally owned or 
operated RCRA site.

I. CERCLA Eligibility

Did the facility cease operations prior to November 19, 1980? Mo

If YES, then STOP. The facility is probably a CERCLA site.
If NO, continue to part II ___

II. RCRA Deferral Factors

Did the facility file a RCRA Part A
application? Mo

If YES:
1. Does the facility currently have interim status? _____
2. Did the facility withdraw its Part A application? _____
3. Is the facility a known or possible protective filer? (filed in error) _____
4. Does the facility have a RCRA operating or post closure permit? _____
5. Is the facility a late (after 11/19/80) or non-filer that has been identified

by the EPA or the State? (facility did not know it needed to file under 
RCRA) _____

l
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Type of facility:
Generator____  TransporterRecycler
TSD (Treatment/Storage/Disposal)

If all answers to questions 1, 2, and 3 are NO, STOP. The facility is a CERCLA 
eligible site.

If answer to #2 or #3 is YES, STOP. The facility is a CERCLA eligible site.

If answer to #2 and #3 are NO and any other answer is YES, site is RCRA, 
continue to part III.

III. RCRA Sites Eligible for the NPL

Has the facility owner filed for bankruptcy under Federal or State
laws? No

Has the facility lost RCRA authorization to operate or shown probable
unwillingness to carry out corrective action? Vi a

Is the facility a TSD that converted to a generator, transporter or recycler 
facility after November 19, 1980? •>

IV. Exempted substances:

Does the release involve hazardous substances other than petroleum? Ve s.

2



V. Other programs: The site may never reach the NPL or be a candidate for 
removal. We need to be able to refer it to any other programs in EPA or state 
agencies which may have jurisdiction, and thus be able to effect a cleanup. 
Responses should summarize available information pertaining to the question. 
Include information in existing files in these programs as part of the PA. Answer 
ail that apply.

Is there an owner or operator?

PA Guidance
EPA Region VIII
August 1993

NPDES-CWA: Is there a discharge water containing pollutants with surface 
water through a point source (pipe, ditch, channel, conduit, etc.)?

CWA (404): Have fill or dredged material been deposited in a wetland or on 
the banks of a stream? Is there evidence of heavy equipment 
operating in ponds, streams or wetlands?

\dofrks of Lb'c.r-e3 (2v^-r^

UIC-SDWA: Are fluids being disposed of to the subsurface through a well, 
cesspool, septic system, pit, etc.?

TSCA: Is it suspected that there are PCB's on the site which came from a 
source with greater than 50 ppm PCB's such as oil from electrical 
transformers or capacitors?

FIFRA: Is there a suspected release of pesticides from a pesticide storage 
site? Are there pesticide containers on site?

3



RCRA (D): Is there an owner or operator who is obligated to manage solid 
waste storage or disposal units under State solid waste or ground 
water protection regulations?

PA Guidance
EPA Region VIII
August 1993

UST: Is it suspected that there is a leaking underground storage tank
containing a product which is a hazardous substance or petroleum?

4



COLORADO NATURAL HLRITAGE PROGRAM
c University oi Colorado Museum 
Hunter 115. Campus Box 515 
~wider, Colorado S0509-0515 

| >3) 492-471? •

April 13, 1994

RECEIVED 

APR'd 5 !994 

URS/ARCS

Qonserwncy

Mike Carr
URS Consultants, Inc.
1099 ISth Street, Suite 700 
Denver. CO 80202

Dear Mr. Carr:

The Colorado Natural Heritage Program iCNHP) is in receipt of your recent request for 
information regarding the Brighton-Ft. I .upton Landfill and the Rico-Argentine Mine. In 
response, CNHP has searched it's Biological and Conservation Datasystem tor natural 
heritage resources (occurrences of significant natural communities and rare, threatened 
or endangered plants and animals) documented from TIN R66W and T40.N R11W.

According to the information current 1) in our files, there are no occurrences ot 
significant natural communities or rare, threatened or endangered species document! d 
from within the four-mile radius of the Brighton-Fr. Lupton Landlill site. However, 
there is one occurrence of Eustoma russcllianuin (also known as Eustoma grandjflora, 
Showy prairie gentian, approximately 15 miles downstream, west of the South Platte* 
River in the vicinity of Lyons Road, north of Colorado Huy 66 and west of Road 23. 
This species is ranked very common globally, but is considered rare to uncommon in 
Colorado and is under review for federal listing. A 1989 report indicated that habitat 
for this species has been intensively grazed and/or cultivated over the past 100 \eais. 
causing concern that this species could be disappearing (Jennings, ’989).

O'

A review of the Rico-Argentine Mine project area indicated an occurrence of one 
significant natural community within the four-mile radius ol the site-, as well as two 
additional occurrences o/significant natural communities within the 15-mile 

downstream limit. Populus aneustifolia-Picea pungens/Alnus inenna. a montane 
riparian forest, can be found along the east bank of the Dolores River within fourmiles 

of this _.
^frumniondiana montane riparian forest has beerr^oeurnTrited 1.5 miles up Priest CrecR'"' 

' trail from" the Dolores River. mmuniiks are ranked rare to uncommon/
both globally andjpJCelafacfa Also, a 1991 field survey reported- that ihreatsjo the \ 

r.munitv A. Task carpa/A. incana - S tirunmumdjana include erosion. Hooding.• nnd/ 
AqyrZihg (KitjvLili I .edorerWCPopulus angushfoliaTCornussericea montane riparian 
foj^iToccurs along the Dolores River approximately 15 miles downstream. This natural 
community is ranked verv rare globally and in Colorado. Alteration of the hydrologic 
regime may adversely affect these natural communities.

A-***
\ a.
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While the information contained herein represents a thorough search of the CNHP’s 
Biological and Conservation Datasystem, any absence of data does not necessarily mean 
that other natural heritage resources do not occur on or adjacent to the project site, but 
rather that our files do not currently contain information to document their presence. 
CNHP’s datasystem is constantly growing and revised. Please contact CNHP for an 
update on this natural heritage information if a significant amount of time passes before 
it is utilized.

Sincerely,

Catherine E. Pague 
Information Manager



REFER TOSTATE OF COLORADO
Roy Romer, Governor
DEPARTMENT OF NATURAL RESOURCES

DIVISION OF WILDLIFE
AN EQUAL OPPORTUNITY EMPLOYER

Perry D. Olson, Director 
6060 Broadway 
Denver, Colorado 80216 
Telephone: (303) 297-1 192

151 E. 16th St.
Durango, CO 81301 
303-247-0855

For Wildlife- 
For People

June 6, 1994

Mark Carr
URS Consultants
1099 18th St., Suite 700
Denver, CO 80202

Dear Mr. Carr,

This letter is in reference to your request for State sensitive 
wildlife species in the Rico, Colorado area. I have conferred with 
Rich Lopez, District Wildlife Manager (CDOW), who works the Rico 
area. To our knowledge there are no threatened or endangered 
species resident in the Rico vicinity. The Boreal toad (Bufo 
boreas) may inhabit wetland stream or pond areas, but there have 
not been any studies conducted to verify their presence or absence.

The Dolores River above Rico experiences heavy fishing pressure. 
The Division of Wildlife stocks fish in the river through the town 
of Rico. The upper head waters of the Dolores support a viable 
native cutthroat trout fishery. Silver creek has virtually little 
aquatic life because of the heavily mineralized water below the 
mines (first two miles). The Division has stocked native cut
throat trout approximately 2 miles above the town in Silver creek 
and they are doing relatively well.

The Dolores River was one of the target drainages to re-introduce 
the River otter, a State endangered species, but to our knowledge 
they are not present this far up the Dolores River drainage.

If I can help you further with your project please feel free to 
ask.

erely,

Ruth Lewis Carlson 
Habitat Biologist

cc: Clark, Zgainer, Lopez

era closeout copv
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D-5724
RFS-1 30

United States Department of the Interior

BURLAl ()F RK.C IAMATK >\
DENVER OFFICE 

P.<) Box 25007
Building 67. Denver Federal Cenier 

Denver. Colorado 80225-0007
May 25, 1994

Mr. Mike Carr 
URS
1099 18th Street, Suite 700 
Denver CO 80202

Subject: Water Quality and Sediment Data on the Dolores River 

Dear Mr. Carr:

As per your request, I am enclosing the water quality and sediment data that 
Reclamation's Durango Office collected on the Dolores River. The samples span 
the period from 1989 through 1993. The data files are on the enclosed diskette 
in LOTUS® version 3.1 format. The water quality data are included in the file 
WTR-QUAL. WK3. The water quality data were analyzed at several different 
laboratories, which are identified in the data files. The sediment data are in 
the file named SEDIMENT.WK3. The sediment analyses were performed by the 
Geological Survey Geochemistry Branch Laboratory here in Denver.

As we discussed on the telephone, I am enclosing a copy of the preliminary draft 
of a report on the analysis of the Dolores data that I have been preparing. The 
report deals with the data collected through 1992. The additional water quality 
and sediment samples collected during 1993 were a result of the report. It 
should be noted that the enclosed report has undergone absolutely no review. I 
stopped work when it became apparent that the initial hypothesis on which the 
study was designed, i.e., that the source of mercury in fish in McPhee Reservoir 
was in the Rico Mining District, was not supportable based on the data. There 
were several alternative hypotheses that could be investigated. One of these 
concerned air-borne mercury from powerplants to the southwest. An investigation 
conducted by the EPA's Environmental Monitoring and Support Laboratory in 
Las Vegas during 1977 indicated that the vast majority of the mercury emitted by 
the Four Corners Power Plant moved off site. A copy of the summary sheet from 
that report is also enclosed for your information. Another possibility was that 
the source of the mercury was a tributary nearer the reservoir. The 1993 samples 
focus on the lower reaches of the river. This aspect of the problem is not 
addressed in the report.

The enclosed report is very preliminary. It contains no discussion or 
conclusions. Any conclusions drawn from what is presented in the report will 
have to be your own. I will respond to any questions that might arise in 
relation to the material in the report. I can be reached at 303/236-3778.

Jim Yahnke
Hydrologist EPA CLOSEOUT COPY

Enclosures

”1

u.». Y/ /fe> ,&Jo2 L
□ or« □ Cop,_________



DOLORES RIVER WATER QUALITY IMPROVEMENT STUDY 
Sample Station Locations

REVISED May 23, 1994

SURFACE WATER STATIONS:

STATION

DRDOL01T 
DRDOL02T 
DRDOL03T 
DRDOL04T 
DRDOL05T 
DRDOL06T 
DRDOL07T 
DRDOL08T 
DRDOL09T 
DRDOL10T 
DRD0L11T 
DRD0L12T 
DRD0L13T 
DRDOL14T 
DRD0L15T 
DRD0L16T 
DRD0L17T 
DROOL18T 
DROOL19T 
DRDOL20T 
DRD0L21T 
DRD0L22T 
DRDOL23T 
DRDOL24T 
DRDOL25T 
DROOL26T 
DRDOL27T 
DRDOL28T 
DRDOL29T 
DRDOL30T 
DRDOL31T 
DRDOL32T 
DRDOL33T 
DRD0L34T 
DRDOL35T 
DRDOL36T 
DRDOL37T 
DRDOL38T 
DRDOL39T 
DRDOL40T 
DRDOL41T 
DRDOL42T 
DRDOL43T 
DRD0L44T

LATITUDE

37-46-27.5 N 
37-46-37.5 N 
37-43-31.25 N 
37-45-30.0 N 
37-47-18.75 N 
37-40-02.5 N 
37-39-38.7 N 
37-38-37.5 N 
37-35-13.75 N 
37-42-01.25 N 
37-43-25.0 N 
37-28-27.5 N 
37-37-16.0 N 
37-34-26.0 N 
37-30-59.0 N 
37-39-28.0 N 
37-34-14.0 N 
37-35-08.0 N 
37-35-57.0 N 
37-35-24.0 N 
37-34-43.5 N 
37-45-21.0 N 
37-46-47.0 N 
37-35-23.0 N 
37-28-06.0 N 
37-45-21 N 
37-43-42 N 
37-40-00 N 
37-43-31.25 N 
37-30-20 N 
37-45-46.25 N 
37-42-51.25 N 
37-37-1.25 N 
37-37-00 N 
37-34-31.25 N 
37-35-37 N 
37-35-47.5 N 
37-35-33.75 N 
37-34-59.12 N 
37-44-43.5 N 
37-44-00 N 
37-42-15 N 
37-42-15 N 
37-42-01.30 N

LONGITUDE

107-58-47.5 W
107- 58-43.75 W
108- 01-48.75 W 
108-07-38.75 W 
108-05-10.0 W 
108-02-12.5 W 
108-02-37.5 W 
108-03-26.25 W 
108-21-30.0 W 
108-01-42.5 W 
108-01-50.0 W 
108-30-15.0 W 
108-03-42 W 
108-11-02 W 
108-22-47 W 
108-18-37 W 
108-38-01 W 
108-09-19 W 
108-06-23 W 
108-18-55 W 
108-14-02 W 
108-07-45 W 
108-05-14.5 W 
108-21-04.5 W 
108-30-26 W 
108-07-45 W 
108-15-39 W 
108-02-07 W 
108-01-48.75 W 
108-23-20 W 
108-59-26.25 W 
108-02-05 W 
108-5-27.5 W 
108-5-23.75 W 
108-17-30.06 W 
108-08-7.5 W 
108-07-45 W 
108-07-53.75 W 
108-17-47.5 W 
108-14-50 W 
108-44-00 W 
108-00-00 W 
108-00-50 W 
108-01-42.5 W

DESCRIPTION

Barlow CK. near mouth at the bridge
Dolores River just above confluence with Barlow Ck.

Dolores River at Peterson Slide 
Geyser Ck. near the mouth
West Dolores River approx.1/8 mile above Cold Ck.
Dolores River at Rico City Park
Scotch Ck. near the mouth just above the bridge
Dolores River at the Montelores Bridge
Dolores River approx. 1/8 mile above confluence with West Dolores River 
Silver Ck. near the mouth at the bridge 
Dolores River at the bridge above Rico
Dolores River at Dolores-USGS gauging station (sampled by Cortez)
Wildcat Creek near mouth 
Bear Creek near mouth 
Rock Spring Creek near mouth

Cottonwood Ck about 0.25 mi. above West Dolores Road bridge
Taylor Creek near mouth
Priest bulch near mouth
Roaring Forks Ck near mouth
Stoner Creek near mouth
Fish Creek near mouth
Geyser Ck Hot Spring near West Dolores River below Geyser Ck

Cold Creek near mouth
West Dolores River near mouth
Lost Canyon Creek near mouth
West Dolores River below Geyser Creek by Hot Spring.
Fish Creek below spring and 1/4 mi. below DRD0L21T.
Spring or old mine flow below Rico CO above Rico City Park.
Spring of flow out of old buried mine shaft by DRDOL03T.
Outflow from Wallace Reservoir at mouth prior to Dolores River.
Coal Creek 1.5 miles down from confluence of Barlow and Dolores River. 
Horse Creek by ranger station north of Rico CO.
Tenderfoot Creek 1.5 miles below Wildcat Creek.
Tenderfoot Creek below pond 1.5 miles below Wildcat Creek.
Loading Pen Creek half-way between Taylor and Stoner Creeks.
Section House Creek 1 mile east if Priest Creek.
School House Creek about 1.5 miles east of Priest Creek at DRD0L18T.
Rio Lado about 1.5 miles east of Priest Creek at mouth to Dolores River. 
Garrison Canyon Drainage and flows from Sutton and Knuckles Reservoir. 
Ground Hog Creek prior to Fish Creek 
Fish Creek above confluence with Ground Hog Creek
Silver Creek above mines-upper station (will show background quality) 
Silver Creek below settling ponds-midpoint station 
Deadwood Gulch Flow



STATION LATITUDE LONGITUDE

DRDOL45T NW1/4 SE1/4 SEC 5 T37 R14
DRD0146T NE1/4 SE1/4 SEC 33 T38 R14
DRD0L47T 37-42-30.0 108-01-42.0
DRDOL48T 37-43-25.0 108-01-50.0
DRD0L49T 37-41-46.25 108-02-1.25
DRDOL50T 37-41-20 N 107-01-42.5 W
DRDOL51T 37-38-28.5 N 108-02-7.5 U
DRDOL52T 37-34-26 N 108-11-02 U

SEDIMENT STATIONS:

STATION LATITUDE LONGITUDE

D-1 37-46-37.5 N 107-58-43.7 W
D-10 37-35-17.5 N 108-21-08.75 U
D -11 37-28-28.75 N 108-30-09.63 W
D-12
D-13
D-14
D-15
D-16
D-2 37-41-20.0 N 108-01-42.5 W
D-3 37-43-25.0 N 108-01-50.0 W
D-4 37-41-46.25 N 108-02-01.25 W
D-5 37-42-01.25 N 108-01-42.5 W
D-6 37-38-28.5 N 108-02-07.5 W
D-7 37-39-53.75 N 108-02-30.0 W
D-8 37-39-38.7 N 108-02-37.5 W
D-9 37-38-31.25 N 108-02-07.5 W

DESCRIPTION 

Italian Canyon flow

Dolores River 1/2 mile below Station DRDOL30T 
Abandoned geothermal well by Argentina Mine above Rico 
Poor Boy Mine drainage
Dolores River just below confluence with Silver Creek (0-4)
Dolores River 2-miles above Rico (D-2)
Dolores River below Rico between tailings and old duirp (at graveyard) 
Dolores River below confluence with Bear Creek

DESCRIPTION

Dolores River just above confluence with 8arlow Ck.(DR00L02T) 
Dolores River about 1/8 mi. above confluence with U Dolores R 
Dolores River at Dolores 
Dolores River at Peterson Slide (DRD0103T)
Dolores River at Dolores (D-11) (DRD0L12T)
Dolores River 1/2 mile below DRDOL30T (DRDOL46T)
West Dolores River near the mouth (DRDOL24T)
Dolores River below confluence with Bear Creek (DRDOL52T)
Dolores River 2-miles above Rico
Dolores River at the bridge above Rico (DRD0L11T)
Dolores River just below confluence with Silver Ck.
Silver Ck. near the mouth at bridge (DRDOL10T)
Dolores River below Rico at graveyard
Dolores River just above confluence with Scotch Ck.
Scotch Ck. near the mouth just above the bridge (DRDOL07T) 
Dolores River at the Montelores Bridge (DRD0L08T)
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IN REPLY REFER TO:

ES/CO:Nonfederal 
MS 65412 GJ

United States Department of the Interior

FISH AND WILDLIFE SERVICE
Ecological Services 

Western Colorado Office 
764 Horizon Drive, South Annex A 

Grand Junction, Colorado 81506-3946

Informal Consultation

May 24, 1994

R£CE/V£D

2 6 w94

Urs/arcs

Michael Carr 
Project Manager 
URS Consultants Inc.
1099 18th Street, Suite 700 
Denver, Colorado 80202-1907

Dear Mr. Carr:

This responds to your letter of April 20, 1994, requesting information on 
federally listed species in the Rico area. The following is a list of those 
species which may inhabit the area, or be effected by the proposed project.

Be advised that the Fish and Wildlife Service (Service) can enter into formal 
section 7 consultation only with another Federal agency or its designee.
Thus, this is not to be considered an "official species list" but rather 
informal consultation. Informal consultation includes all contacts, 
discussions, correspondence, etc. between the Federal agency or its designated 
nonfederal representative, and the Service, that take place prior to the 
initiation of any necessary formal consultation. If requested, we will submit 
an official list to the lead Federal agency. That agency would be required 
under section 7 (a) (2) of the Act to initiate formal consultation if it 
determines that its action may affect any listed species or its critical 
habitat. Although applicants may fill the role of nonfederal representatives, 
the ultimate responsibility for compliance with section 7 remains with the 
Federal agency.

FEDERALLY LISTED SPECIES

Bald eagle 
Peregrine falcon 
Mexican spotted owl 
Colorado squawfish 
Humpback chub 
Bonytail chub 
Razorback sucker

Haliaeetus 1eucocephalus
Falco peregrinus
Strix occidentalis lucida
Ptychocheilus lucius
Gila cypha
Gila elegans
Xyrauchen texanus

We would like to bring to your attention species which are candidates for 
official listing as threatened or endangered species (Federal Register. Vol. 
56, No. 225, November 21, 1991). While these species presently have no legal 
protection under the Endangered Species Act (Act), it is within the spirit of 
the Act to consider project impacts to potentially sensitive candidate 
species. Additionally, we wish to make you aware of the presence of Federal
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Page 2

candidates should any be proposed or listed prior to the time that all Federal 
actions related to the project are completed.

The endangered and candidate fish species listed above do not occur in the 
project area, however, we consider the depletion of water from the upper 
Colorado River an adverse impact to the habitat for these species. 
Consequently, any activity authorized by the Environmental Protection Agency 
(EPA) that results in a net depletion of water from the upper Colorado River 
basin should trigger a "may affect" finding by the EPA and formal consultation 
with this office under authority of the Endangered Species Act.

We appreciate the opportunity to provide this information. If the Service can 
be of further assistance, please contact Michael Tucker at the letterhead 
address or (303) 243-2778.

FEDERAL CANDIDATE SPECIES

North American wolverine 
Northern goshawk 
Flannelmouth sucker 
Roundtail chub

Gulo gulo luscus 
Accipiter gentilis 
Catostomus latipinnis 
Gila robust a

Sincerely,

Keith L. Rose 1
Assistant Field Supervisor, Colorado

pc: FWS/ES, Golden
CDOW, Montrose

MTuclcer:RicoSpl. ltr:052494
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
Fiologital Services 

Colorado Field Office 
7 W) Simmi Sireei. Suite 290 

Golden. Colorado 80401

JUN 1 7 1994

Michael V. Carr, Project Manager 
URS Consultants, Inc.
1099 18th Street, Suite 700 
Denver, Colorado 80202-1907

Dear Mr. Carr:

In response to your letter dated April 20, 1993, the U.S. Fish 
and Wildlife Service (Service) is providing the species list you 
requested for the Brighton-Ft. Lupton Landfill located in Weld 
County and the Rico-Argentine Mine located in Dolores County, 
Colorado. The following list of threatened, endangered, and 
candidate species should be helpful in your preparation of the 
environmental assessment for the project sites. These comments 
have been prepared under the provisions of the Endangered Species 
Act of 1973 (ESA), as amended (16 U.S.C. 1531 et. seq.).

The federally listed threatened and endangered species that could 
occur at or visit the proposed sites are:
(Weld County = W; Dolores County = D)

Birds: Bald eagle, Haliaeetus leucocephalus, Endangered (W,D)
Whooping crane, Grus americana, Endangered (W)
Least tern, Sterna antillarium, Endandered (W)
Piping plover, Charadrius melodus, Threatened (W) 
Southwestern willow flycatcher, Empidonax trailli 
extimus, Proposed Endangered (D)
Mexican spotted owl, Strix occidentalis lucida, 
Threatened (D)

Mammals: Black-footed ferret, Mustela nigripes, Endangered (W,D)

Plants: Ute ladies'-tresses orchid, Spiranthes diluvialis,
Threatened (W)

The Service also is interested in the protection of species which 
are candidates for official listing as threatened or endangered 
(Federal Register. Vol. 56, No. 225, November 21, 1991; Vol. 55, 
No. 35, February 21, 1990). While these species presently have 
no legal protection under the ESA, it is within the spirit of 
this act to consider project impacts to potentially sensitive 
candidate species. It is the intention of the Service to protect 
these species before human-related activities adversely impact 
their habitat to a degree that they would need to be listed and,



_ Michael V. Carr, Project Manager 2

therefore, protected under the ESA. Additionally, we wish to 
make you aware of the presence of Federal candidates should any 
be proposed or listed prior to the time that all Federal actions 
related to the project are completed. If any candidate species 
will be unavoidably impacted, appropriate mitigation should be 
proposed and discussed with this office.

The list of Federal candidate species that could occur at or 
visit the proposed site include:

Birds: Black Tern, Chlidonias niger, Category 2 (W,D) 
Ferruginous hawk, Buteo regalis, Category 2 (W) 
White-faced ibis, Plegadis chihi, Category 2 (W) 
Mountain plover, Charadrius montanus,
Category 1 (W)
Baird's Sparrow, Ammodramus bairdii,
Category 2 (W)
Northern goshawk, Accipiter gentilis,
Category 2 (D)

Mammals: Preble's meadow jumping mouse, Zapus hudsonius 
preblei, Category 2 (W)
Swift fox, Vulpes velox, Category 2 (W) 
Fringed-tailed myotis, Myotis thysanodes 
pahasapensis, Category 2 (W)
North American wolverine, Gulo gulo luscus, 
Category 2 (D)

Fishes: Plains topminnow, Fundulus sciadicus,
Category 2 (W)
Colorado River cutthroat trout, Oncorhynchus 
clarki pleuriticus, Category 2 (D)
Round tail chub, Gila robusta, Category 2 (D) 
Flannelmouth sucker, Catostomus latipinnis, 
Category 2 (D)

Plants: Colorado butterflyweed, Gaura neomexicana ssp. 
coloradensis, Category 1 (W)
Dwarf milkweed, Asclepias uncialis, Category 2 (W) 
Showy prairie gentian, Eustoma grandiflorum, 
Category 2 (W)

Insects: Regal fritillary butterfly, Speyeria idalia, 
Category 2 (W)



Michael V. Carr, Project Manager 3

If the Service can be of further assistance, contact Clay Ronish 
of this office at (303) 231-5280.

Sincerely,

LeRoy W. Carlson 
Colorado Field Supervisor

cc: AFS, Grand Junction, CO
Reading file 
Project file

Reference:
CRR‘SPECLIST.88



C <?;

n ip t

<r^f UUf.

f*//f

A~> K)e.

6* T r’VC 'fr* <<*>«■)



REPORT DATE 04/06/94 COLORADO WELLS, APPLICATIONS, AND PERMITS

COLORADO DIVISION OF WATER RESOURCES

PAGE 1

PERMIT D CO OWNER INFORMATION

ACTIVITY STATUS 1ST USED ANNUAL ACRES GEOL WELL WELL WATER SEC LOCAT'N
CD DATE CD DATE WD MD DB USE DATE APROP IRR AQFR YIELD DEPTH LEVEL COORDINATES QTRS SC SHIP RANGE M

12204 7 42 TRUELSON LOWELL DOLORES, CO 81323

34 8 55.00 30 12 swsw -5«--39-N--1-1 W N-

41304F 7 17 FITZGERALD JOHN P O BOX 692 TELLURIDE, CO 81435 oI 4
EX 04/23/92 AR 05/26/92 71 8 GW 2350N.1250E SENE 1 40 N 11 W N

81412 7 17 MCCOLLUM O. D. 1902 WILLOW DR. ABILENE, TX 79602

69 H 09/05/76 15.00 52 37 NENE —14- W-N.

164989 7 17 ADELSON DIANE P O BOX 1434 TELLUR IDE, CO 81435

NP 06/15/92 71 8 L GW 0850N,0400W NWNW -6 40 N—IT—W -N

7 17 BURCH WILLIAM F &: GAIL J 1740 MANHATTAN BCH BLVD MANHATTAN BCH, CA 90266

AP 04/04/94 71 8 GW 0900N,0800W NWNW -6--40--N-—iHr-W-N
41023F 7 17 DAVIS JOHN & KATHLEEN P O BOX 222 BAGDAD, AZ 86321

NP 11/12/91 AU 12/10/91 71 8 GW 3000S.3050E SENW —ii -try

41668 7 17 GO INTERNATIONAL INC P 0i BX 1936 FORT WORTH, TX 76107

69 8 07/15/70 10.00 57 28 SENW -fr- “w~»

158777 7 17 JAHNKE ORVAL L & MARY B HWY 145 P O BOX 156 RICO, CO 81332

NP 09/10/90 AR 11/05/90 71 H GW 4.00 160 35 1750S,0650E NESE 23 40 N 11 W N

90477VE 7 17 JAHNKE ORVAL 00000

AV 10/03/90 71 GW NESE 23 40 N 11 W N

68951 7 17 MOORE PAUL E 4906 ROCKLEDGE DR RIVERSIDE, CA 92506

69 H 05/22/73 6.00 49 37 0550S,0500E SESE 23 40 N 11 W N

7 17 RICO DEVELOPMENT P O BOX 130 RICO, CO 81332

A____ AP 11/03/88 AU 04/17/89 71 __ 4______________________ GW 0250N.0600W NWNW 25 40 N
1

11 W N^^391
7 17 CO DIV HIGHWAYS 6TH. & RAILROAD AVE. DURANGO, CO 81301

NP 10/09/84 71 15.00 70 55 2300S,0300W NWSW 25 40 N 11 W N
145683 7 17 MAXWELL MICHAEL G . PO BOX 217 RICO, CO 81332 LOT 17 BLK 36 RICO, TOWN OF

NP 09/24/86 71 H KD 1990N.0775E SENE 35 40 N 11 W N

7 17 LAFAYETTE W J RICO, CO 81332

AP 06/24/83 71 GEO NW 36 40 N 11 W N
149181 7 17 US FOREST SERVICE LAKEWOOD, CO 80225

NP 05/19/87 71 8 GW 4.00 107 SWNE 27 -tl-N-- 11 W N
113999 7 17 US FOREST SERVICE 11177 W 8TH AVE LAKEWOOD, CO 80225

NP 04/18/80* SU 11/24/89 71 8 12.00 89 15 0660S,1980W SESW 28" 41 N 11 W N

149893 7 17 DOLORES CANYON MINES 1551 S.BROADWAY CORTEZ, CO 81321

NP 10/28/87 71 8 GW SESE 41 N 11 W N
11449AD 7 17 DOLORES CANYON MINES INC. CORTEZ, CO 81321

AD 09/15/87 71 O GW SESE 32 41 N 11 WN

20275MH 7 17 GEYSER RIVER CORP % GROUNDWATER DEVEL INC MONTROSE, CO 81402

MH 01/25/93 71 O M GW SESE 34 41 N 11 W N
90775 4 57 SCHWINN RICHARD BOX 1054 TELLURIDE, CO 81435

60 8 06/24/77 5.00 130 51 2400S,1250E NESE 3- 42 N 11 W N

3 Vio-j*

*i.(

clci.
^, T*J.

^ lA»~* ^ 0-(^ y Jcr-)
UrS“p„ _^LL83J_

Lon ^ H t / TO/frO 34
Q Original Q Copy



REPORT DATE 04/06/94 COLORADO WELLS, APPLICATIONS, AND PERMITS

COLORADO DIVISION OF WATER RESOURCES

PAGE 1

jgRMIT D CO OWNER INFORMATION

ACTIVITY STATUS 1ST USED ANNUAL ACRES GEOL WELL WELL WATER SEC LOCAT'N TOWN ?

CD DATE CD DATE WD MD DB USE DATE _ APROP IRR AQFR YIELD DEPTH LEVEL COORDINATES QTRS SC SHIP RANGE M

3 2 WELLS FARGO AG ENGLEWOOD, CO 801515

AP 04/12/84 AU 03/30/88 20 1 <SESW--33--3S-N- in w n

18516F 3 2 BEIRIGER FLOYD HOOPER, CO 81136 (C

NP 05/29/74 EP 06/19/75 20 1 NWSB 6 40 N 10 W N

40345 7 17 POWELL RONALD RT 1 BOX 232 MONTROSE, CO 81401

69 3 02/13/70 12.00 40 14 SESE -S3--4 0.. N ■ 10 H, N-

21171MH 3 55 U S GEOLOGICAL SURVEY 201 W BTH ST 8200 PUEBLO, CO 81003 -3031

MH 07/27/93 27 O M GW NE

103821 7 17 US FOREST SERVICE 11177 W 8TH AVE LAKEWOOD, CO 80225

NP 11/20/78 69 O 5.00 92 2300S,2400E NWSB 33-4T--N---- 3-O-W-N—

18632MH 4 57 DEAVERS KAREY C/O 2285 U075 RD CEDAREDGE, CO 81413

MH 02/04/92 60 O GW 3.00 606 520 244 OS,0200E NESE 4 42-i-r-'T.°0DW“N“

19573MH 4 57 A3AX DEVELOPMENT CO % B F KISSNER DRILLING CEDAREDGE, CO 81413

MH 08/21/92 60 O M GW SESW 4

12520AD 4 57 RINGQUIST LOEY P O BOX 429 NORWOOD, CO 81423

AD 03/21/91 60 2 GW 0300S 2800E SESW 5

31951F 4 57 WILSON MESA METRO DISTRICT 624 NORTH ST ASPEN, CO 81611 FLG 1 WILSON MESA RANCHES

S? 06/18/87 PI 06/30/88 60 8 KD 1700N 2500E SENE 6 4-2-N----It) W~PT

156656 4 57 HOFFMAN DAVID I P O BOX 1438 TELLURIDE, CO 81435 LOT 8 FLG 1 WILSON MESA RANCHES

NP 03/19/90 EP 04/24/92 60 H GW 0713N.1161W NWNW 6 -V2-N—tO-tt-N

145014 4 57 CLARKE CHARLES RIDGWAY, CO 81432 LOT 13 FLG 2 WILSON MESA RANCH

^_______ NP 07/30/86 PI________________ 60_________ H_______________________________________ KD_______________________________________________SENW

85 4 57 RIGGS ANNE WILSON MESA TELLURIDE, CO 81435

60 H • 07/19/76 15.00 180 140 1450N,2350W SENW 6-T2-N—T0-W-N-

112080 4 57 GRISIER. J R GRAND JCTN, CO 81501

NP 11/30/79 60 H SESE -6-4-K-N—W-W-N

90774 4 57 DEFELICE FREDERICK W. BOX 81 TELLURIDE, CO 81435

60 H 10/08/77 5.00 180 150 4150N,1200W SWSW 6-4-2-N—‘TO-W-N-

85049 4 57 GLEASON HART & PATSY BOX 322 PLACERVILLE. CO 81430

60 H 08/01/76 15.00 10 8 0675N 2300E NWNB 7 -$ a n—wwTT

93003 4 57 SCHWEPPE CHARLES H BOX 1035 TELLURIDE, CO 81435 LOT 58 FLG 5 WILSON MESA RANCH

NP 06/08/77 60 H 10/01/77 5.00 180 21 0400S.1320W SESW 7 -4'S M 10 W-N»

6842AD 4 57 SCHWEPPE CHARLES H. TELLURIDE, CO 81435

AD 60 H swsw 7 4-2—N—H)—W—N—.

161758 4 57 FILLHART LARRY P O BOX 1143 TELLURIDE, CO 81425

NP 08/15/91 60 8 L KD 1800S,0800E NESE a rrs tctw-n

20300MH 4 57 AJAX DEVELOPMENT % B F KISSNER DRILLING CEDAREDGE, CO 81413

MH 02/05/93 60 O M GW 12.00 251 147 NENE 9 WN—1'0"W“N—

170312 4 57 ALLAIRE PAUL A P O BOX 1600 STAMFORD, CT 06904 LOT 7 PTARMIGAN

N? 05/19/93 60 8 L KD 12.00 246 147 0600N.1300E NENE 9 —frfc-W-N



REPORT DATE 04/06/94 COLORADO WELLS, APPLICATIONS. AND PERMITS

COLORADO DIVISION OF WATER RESOURCES

PAGE 1

PERMIT

•
D CO OWNER INFORMATION

ACTIVITY STATUS 1ST USED ANNUAL ACRES CEOL WELL WELL WATER SEC LOCAT'N TOWN P

CD DATE CD DATE WD MD D3 USE DATE APROP IRR AQFR YIELD DEPTH LEVEL COORDINATES QTRS SC SHIP RANGE M

98870 7 34 DOWNING D ROUTE 2 BOX 3 DURANGO, CO 81301

3 2 WELLS FARGO AG ENGLEWOOD, CO 80155

AP 04/12/84 AO 03/30/88 20 1 CSE -22-39=W—10 W H

3 2 WELLS FARGO AG ENGLEWOOD, CO 80155

AP 04/12/84 AO 03/30/88 20 1 NESW -go- 33~N---10 W *-----

3 2 WELLS FARGO AG ENGLEWOOD, CO 80155

AP 04/12/84 AU 03/30/88 20 1 . NWSE 30 30-N----10 W-N-----

3 2 WELLS FARGO AG ENGLEWOOD, CO 80155

AP 04/12/84 AU 03/30/88 20 1 SESW 33 30-N—WWW—

3 2 WELLS FARGO AG ENGLEWOOD, CO 80155

AP 04/12/84 AU 03/30/88 20 1 SENW 33- 30-H—10~WW——

3 2 WELLS FARGO AG ENGLEWOOD, CO 80155

AP 04/12/84 AU 03/30/88 20 1 SESW 33—39 N----10 W W-----

18516F 3 2 BEIRIGER FLOYD HOOPER, CO 81136 )

NP 05/29/74 EP 06/19/75 20 1 NWSE 16 40 N 10 W R

40345
7 17 POWELL RONALD RT 1 BOX.232 MONTROSE,'CO 81401 \

69 8 02/13/70 12.00 40 14 SESE 23\ 40 N 10 W N

21171MH 3 55 U S GEOLOGICAL SURVEY 201 W 8TH ST #200 PUEBLO, CO 81003-3031

MH 07/27/93 27 O M GW NE 20 4U N 10/W N

103821
7 17 US FOREST SERVICE 11177 W 8TH AVE LAKEWOOD, CO 80225 \ /

NP 11/20/78 69 O 5.00 92 2300S.2400E NWSE 33 41 W Ao W N

32MH 4 57 DEAVERS XAREY C/O 2285 U075 RD CEDAREDGE, CO 81413 \f
MH 02/04/92________________  60OGW 3.00 606 520 2440S.0200E NESE 4 42 eA 10 W N

19573MH 4 57 AJAX DEVELOPMENT CO % B F KISSNER DRILLING CEDAREDGE, CO 81413 / \

MH 08/21/92600_MGWSESW 4 42 N Vo W N

12520AD 4 57 RINGQUIST LOEY P O BOX 429 NORWOOD, CO 81423

AD 03/21/91 60 2 GW 0300S.2800E SESW 5/42 N 10 W N

31951F
4 57 WILSON MESA METRO DISTRICT 624 NORTH ST ASPEN, CO 81611 FLG 1 WILSON MESA RANCHES / \

EP 06/18/87 PI 06/30/88 60 8 KD 1700N.2500E SENE 16 42 N lOlW N

156866
4 57 HOFFMAN DAVID I P O BOX 1438 TELLURIDE, CO 81435 LOT 8 FLG 1 WILSON MESA RANCHES / \

NP 03/19/90 EP 04/24/92 60 H GW 0713N.1161W NWNW/ 6 42 N 10 W N

145014
4 57 CLARKE CHARLES RIDGWAY, CO 81432 LOT 13 FIG 2 WILSON MESA RANCH / \

NP 07/30/86 PI 60 H KD SENW 6 42 N 10 vl N

85585
4 57 RIGGS ANNE WILSON MESA TELLURIDE, CO 81435 / 1

60 H 07/19/76 15.00 180 140 1450N.2350W SENW 6 42 N 10 W\N

112080
4 57 GRISIER J R GRAND JCTN, CO 81501 /

NP 11/30/79 60 H SESE 6 42 N 10 W 1

90774
4 57 DEFELICE FREDERICK W. BOX 81 TELLURIDE, CO 81435 /

60 H 10/08/77 5.00 180 150 4150N.1200W SWSW 6 42 N 10 W

V/VO<A^*-
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COLORADO DIVISION OF WATER RESOURCES
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PERMIT

•
D CO OWNER INFORMATION

ACTIVITY STATUS 1ST USED ANNUAL ACRES GEOL WELL WELL WATER SEC LOCAT'N TOWN P

CD DATE CD DATE WD MD DB USE DATE APROP IRR AQFR YIELD DEPTH LEVEL COORDINATES QTRS SC SHIP RANGE M

154498 A3 2 TREJO JANELLE P 0 BOX 960 ALAMOSA, CO 81101 LOT 3 PLEASANT ACRES

NP 06/21/89 EP 06/23/91 20 8 ' UNC 4«Ot)S. 21H0W Hfc.NW 31 JBH—H. W 81

127473 7 42 SNYDER R A BOX 1178 CORTEZ, CO 81321

NP 08/16/82 AR 09/20/82 71 H 12.00 69 6 1320N.2640E NWNE 20 3D II 11' W N

150468 7 42 NORTH OUIDA M. DOLORES, CO 81323

NP 09/02/86 71 3 GW 10.00 84 40 NWSW 2B-TTT3—m)~N'

153981 7 42 STARKS I LA M & RUBY M MEHRER 217 NORTH HENRY CORTEZ, CO 81321

NP 09/02/86 EP 05/03/91 71 8 L GW 0644S.1930E SWSE -20 ■3D-H—11 W

41311F 7 42 HOY ROBERT E P 0 BOX 1258 DOLORES, CO 81323

NP 05/29/92 EP 11/03/92 71 8 GW 50.00 60 10 0800S.2000E SWSE »9-3-9-N—11-W 74—

88290 7 42 STARKS JAKES H & I LA M BOX 186 RICO, CO 81332

69 H 03/01/77 5.00 200 50 1200S.1420E SWSE 2*9—39-N---- 11 W N-

43068F 7 42 KOY R03ERT E P 0 BOX 1258 DOLORES, CO 81323

NP 11/19/93 71 8 A GW 15.00 60 8 0800S.2000E SWSE 30 30--M----11-W-N—

12204 7 42 TRUELSON LOWELL DOLORES, CO 81323

34 8 55.00 30 12 SWSW 20 30-H—imf

41304F 7 17 FITZGERALD JOHN P O BOX 692 TELLURIDE, CO 81435 . y
EX 04/23/92 AR 05/26/92 71 8 GW 2350N,12S0E SENE \l 40 N 11 W N

81412
7 17 MCCOLLUM O. D. 1902 WILLOW DR. ABILENE, TX 79602 \ /

69 H 09/05/76 15.00 52 37 NENE 6\40N 11 Wf N

164989

•
7 17 ADELSON DIANE P O BOX 1434 TELLURIDE, CO 81435 \ I

NP 06/15/92 71 8 L GW ’ 0850N.0400W NWNW 6 4Ql N 11 W N
7 17 BURCH WILLIAM F 6 GAIL J 1740 MANHATTAN BCH BLVD MANHATTAN BCH, CA 90266 \ /

AP 04/04/94 71 8 GW 0900N.0800W NWNW 6 40 N OWN

41023F
7 17 DAVIS JOHN & KATHLEEN P O BOX 222 BAGDAD, AZ 86321 \ /

NP 11/12/91 AU 12/10/91 71 8 GW 3000S.3050E SENW 6 40 N\ 11 W N

41668
7 17 GO INTERNATIONAL INC P O BX 1936 FORT WORTH, TX 76107 Y

69 8 07/15/70 10.00 57 28 SENW 6 40 N/Vl W N

158777
7 17 JAHNKE ORVAL L & MARY B HWY 145 P O BOX 156 RICO, CO 81332 j \

NP 09/10/90 AR 11/05/90 71 H GW 4.00 160 35 1750S,0650E NESE 23 40 » 11 W N

90477VE 7 17 JAHNKE ORVAL , 00000

AV 10/03/90 71 H GW NESE 23 40/N 11 W N

68951
7 17 MOORE PAUL E 4906 ROCKLEDGE DR RIVERSIDE, CA 92506 / \

69 H 05/22/73 6.00 49 37 0550S.0S00E SESE 23 At N 11 W\N
7 17 RICO DEVELOPMENT P O BOX 130 RICO, CO 81332 / \

AP 11/03/88 AU 04/17/89 71 4 GW 0250N.0600W NWNW 2sJaO N 11 W A
139391

7 17 CO DIV HIGHWAYS 6TH. & RAILROAD AVE. DURANGO, CO 8*1301 / \

NP 10/09/84 71 O 15.00 70 55 2300S.0300W NWSW 25 40 N 11 W N \

145683
7 17 MAXWELL MICHAEL G. PO BOX 217 RICO, CO 81332 LOT 17 BLK 36 RICO, TOWN OF ( |

NP 09/24/86 71 H KD 1990N.0775E SENE 36 40 N 11 W N
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SISOT WATER RIGHTS REPORT

for REE, 04/06/94 14:59

Title: Division 7

Sort Sequence: UXJfflCN

EXPLANATION OF CODES

Struct Type: D ditch, E seep, L pipeline, M mine, 0 ocher P pimp, R reservoir, S spring, W well, Z power plant, * means mere than three structure types are decreed

Use Oodes: A augmentation, B basin export, C oonrercial, D domestic, E evaporation, F fire, f forest, G geothernal, H household use only, I irrigation,

K snowmaking, M nunicipal, m mininum stxeamflcw, N industrial, O other, P fishery, p power generation, R recreation, r recharge, S stock,

w wildlife, X all beneficial uses, * means more than three uses are decreed
i

Adj lype: AB abandoned, AP alternate point, C ocnditional, CA conditional made absolute, EX exchange, 0 original, S supplemental, TF transfer frcm, TT transfer to

Mnin Nirrber is a ranter developed by DKR to provide a simple and efficient method of ranking decrees in order of seniority-



Division 7 SCKiU? BY RANg! (E-W), TOWNSHIP (N, S) , SECTICN, Q160

WD- IDS Ifeme of Structure Struct
Type

Stream
Name

— LOCATION ---Use Decreed U Adj 
Cty Q-Q-Q Sec Ts Rng EM Cfcdes Amount Type

—71 508 -BfaJ'iiS SHUMTAHLA ------
598-?^EZ^ONI^SPRi^]GS-' 

r-9^¥3—S74-M3CNEAIN-SKRI^

566 MARY' B SPRING ^
602 ST LOUIS TINNED Mw

71 5006 CEH-0S4 ART DRILL HOLE ^W" 
71 5007 DDH-OS5A ART DRILL HOLE JT 

629 ODU*BIA SERINS NO 2 
628 CDUICIA SPRING NO 1 

1902 SILVER CREEK 
550 IRON CLAD TUESIEL 
542 GINIA SPRING 
519 COWDREY SPRING 
597 SILVER SWAN SPRING 
59S SILVER SWAN TUNNEL 
581 FRO PATRIA TUNNEL 
583 RAMGD NO 21 SPRING 
622 WM*BA SPRING

-14-gftSTTI3^D3LjRES' R rrr^WNB*^4-^0*i^-i3rW-iriN’*

*71 566
602

71 5006
71 5007
71 629
71 628

—>71 1902
->71 550

71 542
71 519
71 597

-^71 598
^71 581

71 583
71 622

—^ 71 1911
—rj71 1907
■— "71 1913
~yr 508

JST 14 EAST FORK DOLORES R 
EAST FORK DOLORES R 

14 EAST FCRK DOLORES R 
14 EAST FORK DOLORES R 
14 EAST FORK DOLORES R 
14 EAST FORK DOLORES R 

^Sfnljl4 EAST FORK DOLORES R 
„Sf^ 14 EAST FCRK DOLORES R 

1 DOLORES RIVER 
14 EAST FORK DOLORES R 
14 EAST FCRK DOLORES R 
14 EAST FORK DOLORES R 
14 EAST FORK DOLORES R 
14 EAST FCRK DOLORES R 

ML££*14 EAST FORK DOLORES R 
& 14 EAST FCRK DOLORES R

14 EAST FORK DOLORES R 
14 EAST FORK DOLORES R 
14 EAST FORK- DOLORES R 
14 EAST FCRK DOLORES R 
14 EAST FCRK DOLORES R

fW
jar
&
mU

'4 M0UND&N SPRINGS 
566 MARY.

6D2 SL^CEJIS ‘,71 5006 ~DOH~Q£^J AKF’ERILg'HOIE^

J*\ 5007 DUH-OSSAART i-----"

629 GOiXMBIA SPRING NO 2 

62S'"CDUJ*BLA SPRING NO 1

17 NESENW 25 40 N 
17 SWNENW 25 40 N 
17 SWNESW 25 40 N 
17 SWNESW 25 40 N 
17 SESWNE-26 40 N 
17 NKNESE 26 40 N 
17 SESESE26 40 N 
17 SWSENE 35 40 N 
17 SMSENW 35 40 N 
17 SWSWSE 35 40 N 
17 SWSWSE 35 40 N 
17 SWSESE 35 40 N 
17 SWNENB 36 40 N 
17 SENWNW 1 
17 SWNWNS 2 
17 SESSSW 11 39 N 
17 SENESE 15 39 N 
42- NHNHNW 27 39 N 
-17 NWNWNE 24 40,

11 W N IF*.
11 W N NDSi*-.j-b***'UWNN ‘

0 
0 
0 
0 
1 
0 
0 
0 
0irtV' 2

fO 
0

39 N 
39 N

11 W N N 
11 W-N-NS- 
11 W N NS 
11 W N O 
11 W N NP*
11 K-N NF*
■11 W N NS 
11 W N NS 
U W N NF*W* 
11 W N NFsSaU 
11 W N NS 
11 W N NS 
11 W N OtW 
11 W N 
11 W N 0^'

0266 C S 
0240 C S 
0177 C 0 
0599 C S 
1942 C S 
0550 C O 
0550 C 0 
0330 C S 
0220 C S 
0000 C S 
0610 C S 
0888 C S 
0330 C S 
0118 C S 
0599 C S 
0220 C S 
0067 C S 
0028 C S 
5000 C S 
0000 C S 
0000 C S

•DQLCRES^>7 
r14 feKST FCRKiUQLCRES R “ 
14 EAST FCRKTSoLCRES R 
14 EAST FCRK '̂ DOLORES R
14 EAST FCRK-DOLCRES 
14 EAST FORK DOLORES R 
14 EAST FORK DOLORES R

0 N
17 NWSWSE 24 40 N 
17 NESENW 25 40 N 
17 SWNENW 25 40 N 
l7jSWf^W 25 

SWNESW 25'17 SKEWNESS 40 N 
17 NWNESE 26 40 N

i 4p^NX 11 W N N>
'/40 n \imn

11 W N NS 
11 W N 16

WATER RIGHTS REPORT July 1, 1992 PAGE 1
Adjudicatn Prev Adj Apprqpm 0 

Eate Date Cate ft

12/31/1972 12/31/1971 12/31/1900 
12/31/1972 12/31/1971 12/31/1926 
12/31/1972 12/31/1930 
12/31/1972 12/31/1971 06/30/1970 
12/31/1972 12/31/1971 12/31/1929 
12/31/1972 10/31/1970 
12/31/1972 11/30/1971 
12/31/1975 12/31/1974 07/15/1967 
12/31/1975 12/31/1974 07/15/1967 
12/31/1983 12/31/1982 05/05/1983 
12/31/1972 12/31/1971 12/31/1948 
12/31/1972 12/31/1971 12/31/1948 
12/31/1972 12/31/1971 06/10/1972 
12/31/1972 12/31/1971 06/10/1972 
12/31/1972 12/31/1971 12/31/1900 
12/31/1972 12/31/1971 12/31/1926 
12/31/1972 12/31/1971 12/31/1929 
12/31/1972 12/31/1971 12/31/1926 
12/31/1984 12/31/1983 07/13/1984 
12/31/1984 12/31/1983 07/13/1984 
12/31/1984 12/31/1983 07/13/1984 
12/31/1972 12/31/1971 12/31/1900 
12/31/1972 12/31/1971 12/31/1926 
12/31/1972 12/31/1930 
12/31/1972 12/31/1971 06/30/1970 
12/31/1972 12/31/1971 12/31/1929 
12/31/1972 10/31/1970 
12/31/1972 11/30/1971 
12/31/1975 12/31/1974 07/15/1967 
12/31/1975 12/31/1974 07/15/1967

MTtin Priority Cburt Seqtf
Number Number Cotse

44559.18627 W .810 1
44559.28123 W 809 1
29584.00000 w 811 1
44559.44010 w 807 1
44559.29219 w 802 1
44133.00000 w 800 1
44528.00000 w 799 1
45655.42929 W 1387 1
45655.42929 W 1386 1
48702.00000 83 88 1
44559.36159 W 792. 1
44559.36159 W 791 1
44721.00000 W 804 1
44721.00000 W 805 1
44559.18627 w 798 1
44559.28123 w 812 1
44559.29219 w 803 1
44559.28123 w 797 1
49137.00000 84 288 1
49137.00000 84 284 1
49137.00000 84 .290 1
44559.18627 W 810 1
44559.28123 W 809 1
29584.00000 W 811 1
44559.44010 w 807 1
44559.29219 w 802 1
44133.00000 w 800 1
44528.00000 w 799 1
45655.42929 w 1387 1
45655.42929 w 1386 1

Alter - - -Com m e n t 
IDS

CWCB MIN FLOW IOCMTCN DWNSIR TERMINUS ERCM USES MAPPDG

MIN FLOW USGS PROTRACTED IOCAXICN DS TERMINUS AT DCHCRES RIVER 
UPPER REACH,USES PROTRACTED EOCATICN DS TERMINUS AT FILL GULCH 
MIN FICW.USSS. PROTRACTED UX30TCN DS TERMINUS AT DOTCRES RIVER



Division 7

WD m i

737—581-
71 583 i

71 622 1
71 1911 :
71 1907 1
71 1913 1
71 613 ’

-=>>71 599 ;
-■771 599 :
^>71 599 ;

71 1914 !
71 557 .
71 556
33 3523 '
33 3523 '
33 1903 '
33 1904 i

33 611 i
33 612 i
33 '612 i
33 1902 :

ID# Name of Structure

T^*PAIFaA-TCINf5£lr* 

RAMD NO 21 SmiNG 
WANBA SPRING 
SCOTCH CREEK 
DOLCRES RIVER 
WILDCAT CREEK 
TENDERFOOT DITCH 
SILVEY DITCH 
SILVEY DITCH 
SILVEY DITCH 
ROARING FORKS CREEK 
KING NO 2 DITCH 
KING NO 1 DITCH 
TAYUH RESERVOIR 
TAYLCR RESERVOIR 
QOLLM8US CR MIN FTXW 
BASIN CREEK NGN. FTCW 
GOLD KING SPRING 
GOLD KING SPRING NO 2 
GOLD KING SPRING ND 2 
LEWIS CREEK MIN FLOW

SORTED BY RANGE (E-K) ,, TOWNSHIP (N, S), SECTION, Q1S0 WATER RIGHTS REPORT July 1, 1992

Struct --- Stream ...- LOCATION --Use Decreed U Mj Mjudicatn Prev Mj Appropm 0 Mnin Priority Cburt Sea# P Alter
Type # Name Cty Q-Q-Q Sec Ts Rng R*5 Codes Amount Type Date Date Cate 11 Number Number case A IB#

ML 14 EAST FORK DOLORES R 17 SWN5NE 36 40 N 11 W N NFS 0.0220 c s 12/31/1S12 12/31/1971 12/31/1926 44559.28123 W 812 1
s 14 EAST PORK DOLORES' R 17 SENWNW 1 »-IM±4HHE O 0.0067 c s X2l2\IV2T>. 12/31/1971 12/31/1929 44559.29219 W 803 1
s 14 EAST FORK DOLORES R 17 SWNHNE 3-38-N—J4-W-N-NS-.P 0.0028 c s 12/31/1972 12/31/1971 12/31/1926 -44559.28123 w 797 1
0 14 EAST PORK DOLORES R 17 SESESW 1HH:—H-W-N-©- f> 

is^9-N--TrT4-ir©-^ 1.5000 c s 12/31/1984 12/31/1933 07/13/1984 49137.00000 84 288 1
0 14 EAST PORK DOLORES R 17 SENESE 20.0000 c s 12/31/1984 12/31/1983 07/13/1984 49137.00000 84 284 1
0 14 EAST PORK DOLORES R 42 NKNMNW _ui-k.n-q-£> 1.0000 c s 12/31/1984 12/31/1983 07/13/1984 49137.00000 '84 290 1
D 11 TENDERFOOT CREEK 42 SWNWSE 29 39 N 13. W N I «*r,S 2.5600 c s 03/22/1963 12/18/1933 05/01/1914 30667.23496 62-32 967 1
D 14 ERST KMC DOU3RES R 42 SWNENE 31 39 N 11 W N I<v\^ 1.6000 c S,CA 03/22/1963 12/18/1933 09/21/1950 35788.00000 62-55 W 59 1
D 14 ERST FORK KajORES R 42 SWNENE 31 39 N 11 W N 0.6000 c s 03/22/1963 12/18/1933 09/21/1950 36788.00000 62-55 967 2
D 14 EAST PORK DOLCRES R 42 SKNENE 31 39 N 11 W N 1.6000 c s,c 03/22/1963 12/18/1933 09/21/1950 36788.00000 62-55 967 3
O 3 ROARING FORKS CREEK 42 SWSWNE 31 39 N 11 W N 0*w 2.0000 c s 12/31/1984 12/31/1983 07/13/1984 49137.00000 84 2£ll 1
D 2 GROUNDWATER 42 SESENW 31 39 N 11 W N Im\ 1.6600 c s 12/18/1933 02/01/1892 03/21/1890 15372.14690 D-34 967 1
D 3 ROARING PORKS CREEK 42 SWNESE 31 39 N 11 W N l*ny 4.2000 c s 12/18/1933 02/01/1892 12/31/1891 15372.15340 D-36 967 1

LA PLATA RIVER 
LA PLATA RIVER 
LA PLATA RIVER 
IA PLATA RIVER 
LA PLATA RIVER 
IA PLATA RIVER 
IA PLATA RIVER

•j/N 11 W N fflO

37 N Il/WVN JD l/l V/ * /} 
36/N 11 W N/D

N l4! w/N D 

N^ll VI$ D 

ir W N 0

85.5800 A S,C
3.0000 C S
4.0000 C S
o.oni c s 
o.oin c s,c
'O.Olll C S,C, AB
2.0000 C S

03/21/1966
12/31/1976
12/31/1976
12/31/1974
12/31/1974
12/31/1974
12/31/1976

06/23/1915 10/27/1937 
12/31/1975 07/30/1976 
12/31/1975 07/30/1976 
12/31/1973 07/28/1928 
12/31/1973 07/28/1928 
12/31/1973 07/28/1928 
12/31/1975 07/30/1976

32076 
46232 
46232.00000 
45290.28698 
45290.28698 
45290.28698 
46232.00000

00000 65- 3
00000

C 807 
W 1495 
W 1497 
W 1246 
W 1247 
84 108 
W 1494

pas: 1
---Comment-----------

MEN FLCW USGS PROIRACTED LOCATION DS TERMINUS AT DOLCRES RIVER 
UPPER REACH, USES PROIRACTED laAXIOv DS TERMINUS AT FILL GULCH 
MIN FLOW,USGS PROTRACTED LOCATION DS TERMINUS AT DOLCRES RIVER

DECREED ICC NW/4 USGS tROIRACITCN AT DS TERM-DQLORES RIVER

USES QUAD LOCATION CWN ST TERMINUS 
USES QUAD LOCATION CWN ST TERMINUS 
SEE ALSO W 411 DENIED
SEE ALSO W 412 DHOLD. DILIGENCE EXPIRED SEPT 1972 

USES QUAD LOCATION DKN SI TERMINUS



Division 7 SCRIED BY RANS (E-W), TWN5HIP(N,S) , SECITCN, Q160

WD ID# Name of Structure Struct
Type

Stream
Name

--- LOCATION --Use 
Cty Q-Q-Q Sec Ts Rng EM Ctodes

Decreed U Mj 
Amount Type

Tk--FTET?-nrTY^------------------- B-
70— S12--BRASHPRS-SPRING— —

510 mf©ME^DITCK JS?. P-L
7i 5S0~PRIEST GUDGhWpE-LINE^

71 1906 ERIEST GULCH

71— eSg-MXDV-'S-SERING---------
71 534 FRANK RCB1NSCN DITCH
71 534 FRANK RCBINSCN DITCH
71 592 ROUBHXXK DITCH
71 592. ROBirOK DITCH
71 663 CHAEMAN DITCH
71 582 QUARRY NO 1 DITCH 
71 504 SEAR CREEK DITCH

TZW&TTR WPTTJ. ~~
71 1912 DOLORES RIVER
71 1916 BEAR CREEK 0^“
71 618 TURKEY CREEK DITCH D
71 618 TURKEY CREEK DITCH D
71 618 TURKEY CREEK DITCH D
71 618 TURKEY CREEK DITCH D
71 623 WATTLES AND FREEMAN D D

3A»HBBSLBQaBRB»"RgVER~19 8

12~W'N DS>1^U 0-S ^14-EAST'PCRK*DQrj®ES-R-E-42*'SWSEHW 
DL 4 PRIEST GULCH 42 SENWNE'L^ ■' 4 .hjEST/GJiai /] ^42, SWNENE

\4'PRIEST GUim" ^' 42 NESWNE
--S prcaj" 4~PRIEST GULCH

~2~38~N~
38_N</l2^w'NJ2F^!

14 EAST FCRK DOLORES R 
14 EAST FORK DOLORES R 
14 EAST FCRK DCECRES R 
14 EAST FORK DOLORES R 
14 EAST FCRK DOLORES R 
14 EAST FCRK DOLCRES R 
18 BEAR CREEK

D 
D 
D 
D 
P 
D
DfUK

—10-BEAR-CREEK----- -——
Of*' 14 EAST FCRK DOLORES R 

18 BEAR CREEK 
16 LOST CANYON 
16 LOST CANYON 
16 LOST CANYON 
16 LOST CANYON 

9 TURKEY CREEK

42 NWSENE 
42 SWSESE 
42 SWSESE 
42 NWSWSW 
42 NWSWSW 
42 SESWSE 
42 SWSWSW 
42 SWSWNE 
•42'NWRENW' 
42 NENENW 
42 SWSENW

3 38 N
X-'-
3 38 N 

'3'38‘N'
6-38"-N-

ret12 W N CMW 
12-W-N 
42 W N* ID

-G-QO-tfr-lB-W N ID 
W6-TT2-W N I 
W«-!M2Tf N I 
*G-3e-N—as-wN i 
G-00" N-Tyww-g- 
9 38 N 12 w .N JDjfc* 

-9-38-N—l^-W-N-DS *££ 
9 38 N 12KN0.ru/ 
9 38 N 12 W. N O'

42 SWSWSW 26-30 N 12 W-tf IDO 
42 SWSWSW 36 30 ti 3L2trtt DX)
42 SWSWSW 36 30 N 1STTW T 
42 SWSWSW.26 38-W*
42 NENENW .4 37-^h

-*2 rw i
na w w r

.5000

.0220

.3020

.1700

.5000

.0001

.1000

.3600

.5000

.2500

.2500

.5000

.6000

.0200

.0000

.0000

.0000

.0000

.5000

.5000

.5000

C S 
C S 
C S 
C S
c s 
c s,c 
c s
C S(AB 
C S 
C S,TF 
G S>TT 
C S 
C S 
C O
c s 
c s 
c s 
c s
C 0,CA 
C 0,C 
C O^CA

WATER RIGHTS REPORT July 1, 1992 PAGE 1
Mjudicatn Prev Adj Apprqpm O AAnin Priority Cburt Seq#: P Alter ---Comment---------------- - — -

Cate Cate cate # Number Number case A ID#

03/08/1937 02/01/1892 06/01/1887 15372.13666 37-10 1528 2
12/31/1972 12/31/1971 12/31/1971 44559.44559 W 908 1
03/22/1963 12/18/1933 07/16/1892 30667.15538 62-40B 967 1 AKA BLISS UNKNOWN DITCH AND PIPELINE
03/22/1963 12/18/1933 08/08/1938 32361.00000 62-44 967 1
12/31/1984 12/31/1983 07/13/1984 49137.00000 84 252 1 OCB MEM FLOW DECREE
12/31/1988 12/31/1987 03/21/1988 50484.00000 88 14 1 CD APRIL 1, 1992 DECREED L0CATCCN SKNWNE
03/22/1963 12/18/1933 06/01/1880 30667.11110 62-4 967 1
03/22/1963 12/18/1933 06/01/1880 30667.11110 62-4 84 108 2 SEE ABANDONMENT LIST ERDIEST & STIPULATION 84CW131
12/18/1933 02/01/1892 08/15/1899 18124.00000 D-40 967 1
12/18/1933 02/01/1892 08/15/1899 18124.00000 !>40 83 142 2 TRANS TO CHAPMAN DITCH
12/18/1933 02/01/1892 08/15/1899 18124.00000 D-40 83 142 i TRANS FRCM ROJBUXHK DITCH
12/18/1933 02/01/1892 03/21/1882 15372.11768 D-30 967 i
03/22/1963 12/18/1933 06/01/1880 30667.11110 62-5 967 i
12/31/1981 07/31/1973 45137.00000 81 37 l
12/31/1984 12/31/1983 07/13/1984 49137.00000 84 289 l MICDLE REACH, SU-MEK, WINIER 25 CFS USGS PRO! IOC DS TER AX BEAR C
12/31/1984 12/31/1983 07/13/1984 49137.00000 84 294 i MIN EIOW.USSS PROTRACTED LOCATION DS TEBMINUS ABOVE BEAR CR DIT.
03/22/1963 12/18/1933 03/21/1^05 30667.20168 62-57 967 2 SEE ALSO ABRNDOMENT PROTEST STIPULATION FCR REMOVAL OF 52 CFS
03/22/1963 12/18/1933 09/01/1946 35307.00000 62-58 967 3 ABANDONMENT USX STIFUIAXICN IN 84CW178
02/01/1892 07/16/1886 13346.00000 D-17 967 5
02/01/1892 07/16/1886 13346.00000 D-17 473 6
02/01/1892 09/20/1888 14143.00000 D-18 W 294 1



Toble 5. Household, Family, and Group Quarters Characteristics: 1990—Con.

1,111 TTfJsT
P»o,eel No---- Li----------

Loq 140
Hi do foaif

□ Oriqfrai □ Copy

ae*«nmom 9* term and m*o~ogi a* we ie«’

A lonaty houiehakh Nontgwdy households He* som per— Persons m group quartets
Bite

bounty

County Subdivision

Place

Householder Irving atone

Persons *» 
houiehoass

Mamed
Mrte 

hotter no

65 yuan o»al over
Ms mu-

Other per

A* house
holds Totgl

enup«
♦oniiy present Total Total Total household Family Total persons

9*0*1
quarten

boutter County-Coo 
wOngmont ft'nuon* Con

Wo’ CD*..................................................... 7 u* 1 035 723 641 61 31? 252 26 20 2 56 3 17

-[<*< SI Vfor *nuar-------------------------- 649 291 189 169 9 102 8? 30 23 2 23 2 7? “ • •

II 526 4 848 3 374 2 906 347 1 474 1 331 630 468 238 790 1 158 1 156 .
fej#fw Vnto (fcvmon....................................... 4 360 1 746 l 293 1 156 105 <53 402 188 144 2 50 2 95 1 050 1 050 -

1 752 732 491 42C 59 241 714 108 87 7 39 2 99 — - -
7 164 3 102 2 oei 1 752 242 1 021 929 442 324 2 31 2 86 106 106 •

Poocho jormos fcwr----------------- 244 115 77 6* 7 3* 36 13 B 2 12 2 67 - - -
Sahdo c*y ..................................................... 4 629 2 073 i 300 1 051 188 773 71J 368 277 123 2 07 106 106 •

County . ..................... 2 3S2 904 622 561 46 282 762 117 85 760 3 26 45 45 .
Ineveww Weft* Orvwor................................. 1 654 630 *3* 398 28 194 179 63 47 2 63 3 28 45 45 •

Cheyenne Wells foam.................................. 1 063 *37 280 246 25 157 144 54 44 2 48 3 23 45 45 -
t- Corson division........................................... 696 274 186 163 16 88 83 49 38 2 55 3 22 — - -

fct Conor tow*_________ ___________ 305 139 78 67 9 61 58 36 28 2 19 304 - -

Geo Creek County............... .............................. 7 S74 3 153 2 096 1 115 its 1 057 866 148 103 240 2 95 45 43 7

Georgetown d»vmon.......... ........................... 2 225 953 594 4*5 73 359 300 47 33 2 33 2 96 78 26 2

tmp«f *Own............... ................ ................ 401 153 97 81 10 56 49 5 4 2 62 341 - - -
jeofgfio*" 'owi'....................................... 66? 395 231 188 34 164 135 X 21 2 10 281 28 26 2
Give' Pume town...................................... 13* 66 32 24 8 34 28 1 1 2 03 2 78 — - -

Oonc SormQi Wvmon.................................... 5 349 2 200 I 50? 1 330 122 698 566 101 70 243 2 95 17 17 -
Oano Scrags city ... ......... 1 634 760 476 387 67 284 242 68 46 2 41 3 10 - - “

.jnecj County ........................ .... ....................... 7 423 2 492 1 920 1 555 263 577 539 283 195 298 3 52 30 X .
Ar*omto d-nvon.............................................. 1 614 662 478 359 85 Ib4 172 84 55 2 7* 3 33 4 4 -

Antonffc tow".............................................. 875 332 225 157 54 107 104 56 40 2 64 3 33 — — -
CenetOS West dnnwon_____ 476 »55 120 105 9 35 34 19 11 2 76 3 23 • - -
U W3»0 drvoron................................................ 3 312 1 095 847 706 101 248 233 178 92 3 02 3 57 26 26 —

.c loro town................................................ 725 266 180 140 33 86 70 36 30 7 73 344 • — •
tontord »ee» 75C 724 176 151 19 48 47 34 26 3 35 3 95 — - •

SAcnOSSO OvtW".............................................. 1 669 580 475 385 6* 105 IOC 57 37 322 3 68 - * —
vtonosso town.............................................. 9AB 306 246 205 34 6? 60 31 22 3 2! 3 74 - - •
liomeo town________ __________ .... 341 102 86 59 16 16 14 6 5 3 34 3 70 - * “

Coined County .................................................. 3 166 1 192 879 600 142 313 285 136 86 2 67 3 19 7 1 1
ie'fo drv*s*on_______ _________ ________ 1 134 432 324 257 52 108 95 44 79 2 67 3 13 — • -

B-Onca »Oam................................................ 272 92 75 62 10 17 16 12 11 7 96 3 33 — - -
u*S dnnsior.............................................. 2 034 760 555 423 90 205 190 92 57 268 3.23 2 1 1

^^B .......... 799 296 206 141 47 90 82 43 29 270 3 35 1 1 -

.'Oorhhr County............................. ...................... 2 915 1 165 816 6*2 105 349 314 173 119 2 50 306 1 031 1 031 _
.'OWV OVMI*....----------------------------- 2 503 996 696 575 94 300 27* 146 105 2 51 309 1 031 1 031 -

C'ourfey w........................ .................... 225 79 63 4* 13 16 15 10 6 2 85 3 27 - • •
>n*V Spragi toem.................................... 340 131 87 67 17 44 38 19 17 2 6C 3 78 - - -
Z"OtfOy town .............................................. 970 436 270 21* 49 153 IX 83 61 222 2 85 55 55 -

City 0Timor........................................... 412 169 120 107 11 49 40 27 14 2*4 293 - - -
Sugo» City to*"-......................................... 252 110 71 61 9 39 30 22 12 229 2B5 • - “

ClIW County....................................................... 1 925 770 569 509 4? 201 180 84 59 2 50 2 94 1 • 1
WettrtNe dnnston............ .............................. 1 925 770 569 509 42 201 180 84 59 2 50 2 94 1 - 1

>»ye» CVW *n«vn........................................ .. 322 133 83 6* »3 50 4? 16 10 2 47 3 0< •- — -
westcfHe room ...—............. 312 141 85 74 4 56 55 35 28 2 21 2 9« - - -

Ct't lounty......................................................... 20 46C 8 372 6 112 5 325 557 2 260 2 0*8 1 170 869 2 45 290 500 459 41

.ecoreoge fltnvior................. ....................... 5 633 2 419 1 815 1 641 109 604 553 347 244 2 33 2 71 96 93 3
:eJoreO(jt •Tver ...................... .................. 1 380 657 446 388 46 711 193 139 103 2 10 2 55 - - -
Or chord Crtv foam jt.J ........ 2 125 903 691 629 33 217 200 130 86 7 35 2 71 93 93 •

Ge-*: ..................................................... 8 137 3 252 2 318 1 9»0 300 934 84D 481 389 2 50 3 00 330 310 20
>*o oh...................... .. .................... 3 616 1 568 995 751 189 573 518 311 265 2 31 2 93 173 154 19

r itull OavOt .................................... ... 3 749 1 SI* 1 119 1 007 81 395 353 184 119 7 48 291 12 - 12
CWord *oam........................................... 221 104 63 53 5 41 39 26 19 2 13 2 *6 — - -
-Tifhkns roam..... ..................................... 744 331 206 176 V 173 115 79 60 225 7 90 - • •
>rhard Crty town Ipt ).... _ . . — - - - - - - - - - -

'COtvo d'VtS'On.................................................. 2 961 1 167 860 767 67 327 302 158 117 2 49 ?99 62 56 6
WtW loam................................................ 1 341 567 372 324 36 190 163 102 8' 239 3.01 62 56 6

Inr County...................................................... 456 76C 210 952 109 037 77 725 24 197 101 915 85 301 24 112 18 695 2 17 300 10 85C 5 529 5 321
.'rnie dyvot................................................ 456 76C 210 952 109 037 77 725 24 197 101 915 85 301 24 112 lb 695 2 17 3 OC 10 850 5 529 5 321

Conoer oty .......... 456 760 210 952 109 037 77 725 24 197 101 915 85 301 24 112 18 695 2 17 300 10 850 5 529 5 321

C ewret County..................................................... 1 504 58! 425 392 18 156 141 59 49 2 59 3 10 • •
tea* (reek d>vmor......................................... 1 3*1 523 395 365 17 128 119 53 44 2 64 3 11 — - -

Dout Geek town............................... .. 643 252 170 49 14 62 76 33 79 2 55 3 21 • • •
•<; hw ........................ ......... ........... ....... 73 58 X 77 1 28 22 6 5 2 12 2 97 - - -

t“X tonm................. .............. .................... 92 44 21 11 1 23 18 s 4 209 305 - -

Dougios Coirnty........................—.................... 60 174 20 844 17 409 15 619 1 139 3 435 2 577 403 306 289 3 17 217 211 6
Cosne Soc» d^ston............... ......... ................ 10 877 4 046 3 122 2 693 378 924 737 201 166 2 69 3 07 80 74 6

lot He fioc* oty (pi j............. ..................... 7 103 2 697 1 965 1 627 273 732 599 167 142 2 63 3 11 35 33 2

.arnspur town.......... ................................... 232 B8 67 56 7 21 16 4 4 264 2 90 • - -
drvmon...................................... ........... 23 715 7 783 6 720 6 108 435 1 363 766 106 78 2 98 3 21 86 86 -

A*/ron> ertv ipt 1----------------------------- 4 2 2 2 • - • — - 700 200 — • -
st»e itoct crty ptv............. .. ! 5*9 537 *55 40? 34 82 56 3 — 7 97 3 17 • • -

•nr tom.................................................. 5 450 1 928 1 550 1 302 194 378 273 75 21 7 83 3 15 - - -
fnt P»ner> CD*........................................... 4 ee: 1 5C7 1 407 1 336 54 100 76 13 9 3 74 3.36 - - •

Sedano divman................................................ ?6 oe; 9 015 7 567 7 018 376 1 *48 1 074 96 62 2 89 3 17 51 51 •
:oui» Bof» city let i_________________ i 1 • « - 1 1 - - 1 00 - — — -

; DO -------  -------  ------- 7 45« 2 476 2 146 1 971 120 328 231 17 15 3 01 3 23 51 51 -
10 101 3 510 2 865 7 643 167 645 49C 21 12 790 3 25 - • •

^^B"«”v pi ............ ................ 0b 58 38 ii 4 20 19 7 7 1 So 2 29 - “ “

fog* lounty......................................................... 21 11} 8 354 5 081 4 209 586 3 273 1 838 191 132 7 61 3 13 116 58 58
hose1* division.................................................. 4 336 1 585 1 102 907 140 463 292 31 24 2 7* 3 14 3i - 31

basalt lomn ipt 1----------------------------- 1 002 389 250 199 3* 139 HO 11 9 7 58 3 00 - - -
F Mb* CO*................................................ 2 58C 876 654 S40 79 272 131 i] 10 7 95 3 29 25 • 25

ttjeGiWin flnwr........................... 6 06C 2 171 1 534 1 304 142 637 456 110 77 2 SO 3 30 32 2b 4
f foam................................................... 1 559 592 40’ 337 41 191 161 57 41 263 3 26 21 21 -

* town............................................. 1 750 607 458 396 45 144 103 22 16 2 91 3 3? - - -
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Table 6 Household, Family, and Group Quarters Characteristics: 1990
i»o» defections of terms and meawngs of symbol see t**t)

State

County

Place and [In Selected 

States] County

Subdivision Persons m 
households

Al house
holds

Ftjmdy households HonfomAy households Persons per - Persons m group quarters

Total

Momed
couple
farmty

Female 
house

holder no 
husband 
present Total

Householder bvsng alone

Household Family Total

Institu
tionalized

persons

Other per 

sons m 
grouo 

quartersTotal

65 years and over

Total Female

The State .......... ...................................... 3 214 922 1 282
489 854 214 690 292 124 569 421 275 340 9*2 95 849 74 783 2J1 3,07 79 472 35 976 43 49*

COUNTY
262 311 96 353 69 942 54 072 II 794 26 411 70 893 5 269 4 047 2 72 3 20 2 727 1 966 761

12 619 4 721 3 269 2 514 582 1 452 1 164 390 293 267 3 24 998 205 793

Arapahoe County — ......---------------------- 388 399 154 710 104 529 84 487 15 576 50 181 40 736 7 747 6 237 2 51 3 08 3 112 2 304 808

Afchu'eto County .................................................. 5 345 2 010 1 547 1 323 161 463 397 125 83 266 3 06 - - -
4 482 1 872 1 310 1 176 93 562 531 260 199 2 39 2 95 74 74 -
4 676 1 865 1 286 1 067 162 579 534 265 189 2 51 309 372 353 19

Boulder County .........------------------------- 216 699 88 402 54 375 44 957 6 955 34 027 23 245 4 960 4 057 2 45 301 8 640 1 350 7 290

Chaffee County----------- ----------------------------- 11 526 4 848 3 374 2 908 347 1 474 1 331 630 466 2 38 290 1 158 1 158 -
2 352 904 622 561 46 282 262 112 85 260 3 26 45 45 —

dear Creek County----------------------------------- 7 574 3 153 2 096 1 815 195 1 057 866 148 103 240 2 95 45 43 2

7 423 2 492 1 920 1 555 263 572 539 283 195 2 98 3 53 30 30 -
3 188 1 192 879 660 142 313 285 136 86 2 67 3 19 2 1 1

Ctowfey County--------------- ------------------------- 2 915 1 165 816 682 105 349 314 173 119 2 50 306 1 031 1 031 -
Cuiter County........................................................ 1 925 770 569 509 42 201 !8C 84 59 2 50 2 94 1 - 1

Otfta County........................................................... 20 480 8 372 6 112 5 325 557 2 260 2 C40 1 170 869 245 290 500 459 41
456 760 210 952 109 037 77 725 24 197 101 915 85 301 24 112 18 695 2 17 300 10 850 5 529 5 321

Dolores County----------------- ----------------------- 1 504 581 425 392 18 156 141 59 49 2 59 3 10 - - -
Douglas County------------------- --------------------- 60 174 20 844 17 409 15 819 1 139 3 435 2 577 403 306 2 89 3.17 217 211 6

21 812 8 354 5 081 4 209 586 3 373 1 838 191 132 261 3 13 116 58 58

Elbert County...................................................... .. 9 601 3 377 2 763 2 492 164 6U 496 189 136 284 3 16 45 45 -
El Paso County........................... .......................... 381 460 146 965 104 095 85 618 14 398 42 870 34 821 8 761 6 990 2 60 3.10 15 554 2 599 12 955
Fremont County 28 370 n 713 8 287 6 914 1 114 3 426 3 097 1 683 1 295 2 42 2 92 3 903 3 719 184
Gorfittd County....................................... .............. 29 283 ii 266 7 966 6 727 859 3 300 2 510 842 633 260 3 07 691 457 234
Gipin County----------------- --------------------------- 3 068 1 308 848 731 71 460 356 78 46 2.35 2 66 2 2 -
Grand County............................. .......................... 7 891 3 168 2 050 1 791 160 1 113 758 178 118 2 49 2 99 75 25 50
Gunnison County............... ................................... 9 186 3 855 2 218 1 895 221 1 637 1 033 184 129 2 38 2 96 1 087 53 1 034
Hmdolf County----------------------------------------- 467 2U 135 126 6 79 61 16 7 2 18 2 69 - - -
'tuerfono County_____ ____________________ 5 893 2 446 1 649 1 315 273 797 738 419 303 2 41 301 116 Ill 5
Jockson County___________________________ 1 594 632 454 404 29 17B 158 42 28 2 52 300 11 1 10
Jefferson County................................................... 431 948 166 545 119 462 99 161 15 277 47 083 36 851 8 471 6 813 2 59 306 6 482 5 374 1 '08

<«wa County........................................................ 1 644 657 473 423 3o 184 177 101 75 250 307 44 30 14
Ct Corson County.................................. .............. 7 074 2 785 2 008 1 776 173 777 716 350 276 2 54 3 07 66 66 -

County----------- -------------------------------- 5 983 2 382 1 562 1 293 199 820 656 171 112 2 51 3 13 24 19 5
Lc ^ta County.................... ............................ 30 618 11 976 8 008 6 555 1 058 3 968 2 829 871 686 2 56 306 1 666 235 1 431
.ontrw County---------------------------------------- 179 612 70 472 47 247 40 099 5 386 23 225 16 173 4 633 3 80! 255 3 05 6 524 1 405 5 119
i.0* Aiwnas County_____ _________________ 13 383 5 421 3 694 2 837 663 1 727 1 586 823 604 2 47 3 07 382 221 161
bncoin County------------------------------------------ 4 424 1 8'7 1 249 1 093 116 568 516 284 199 243 301 105 91 24
Logon County 17 ISO 6 970 4 791 4 099 5U 2 187 1 919 893 707 246 3 02 387 260 127
Mrsa County________ ____________________ 90 797 36 250 25 419 20 830 3 557 10 831 8 973 3 663 2 811 2.50 300 2 348 1 129 1 219
Mmern i C nun tv 558 247 159 141 14 88 75 30 21 2 26 2 81 - - -

Mnrt.i* 11 228 4 178 3 061 2 635 310 1 117 980 317 249 2 69 3 20 129 129 _
Montezuma County............................................... 18 520 6 762 5 139 4 200 705 1 623 1 453 649 511 2 74 3.20 152 139 13
Montrose County.................................................... 24 028 9 405 6 973 5 972 758 2 432 2 118 1 034 784 2 55 3 00 395 342 53
Morgan County______ ____________________ 21 483 8 139 5 890 4 951 642 2 249 2 006 996 769 2 64 3 15 456 409 47
Otero County______ 19 692 7 593 5 448 4 331 892 2 145 1 949 1 030 795 2.59 3 13 493 354 139
Ouray County............................................ ........... 2 292 947 677 606 49 270 230 89 61 2 42 2 88 3 - 3
Parti County............................................................. 7 174 2 775 2 071 1 900 III 704 553 103 59 2 59 3 00 • - •
PM.pi County........................................................ 4 124 1 712 1 182

1 037 112 530 494 202 2ti 2 61 2 97 65 65 -
Pttk* County_____________________________ 12 541 5 677 2 687 2 222 317 3 190 2 081 126 80 2.13 2 79 120 22 98
Prowers County...................................................... !3 161 4 984 3 564 2 908 526 1 420 1 283 615 488 2 64 3 21 186 69 117

NtMO County 120 136 47 057 33 248 25 244 6 451 13 809 12 162 5 388 4 111 2 55 308 2 915 2 077 838
P’0 itfooto County 5 819 2 181 1 609 1 421 128 572 482 197 147 2 67 3 15 153 47 106

Gronde County........................... ..................... 10 572 3 930 2 979 2 422 426 951 359 298 289 2 69 3 U 198 198 -
#Outt County 13 923 5 483 3 451 2 916 354 2 032 1 279 219 155 2 54 3 06 165 61 104
StgUOCfll County....................................... ............ 4 529 1 643 1 214 90C 181 429 385 168 112 2 76 3 27 90 8 82
Son ,uon County................................................. 745 287 199 159 22 88 75 10 2 2 60 3 17 - — -
San M«jver County.................... .............. ............ 3 597 1 489 846 713 95 643 394 49 32 2 42 2 94 56 - 56
Sedgw«ck County_________________________ 2 658 1 141 795 704 59 346 327 178 136 2 33 2 86 32 32 -
SumrTHI County 12 826 5 295 2 847 2 464 243 2 448 1 254 62 36 2 42 2 92 55 17 38
Teder County.......................................................... 12 404 4 720 3 602 3 105 311 1 118 912 215 157 2 63 3 03 64 51 13
Washington County.............................................. 4 778 1 915 1 374 1 229 92 541 500 267 206 2 50 3 02 34 34 -
Weld County 127 661 47 470 33 763 27 792 4 343 13 707 10 564 3 767 2 954 2 69 3 19 4 160 1 162 2 998
Yuma County................................ .......................... 8 833 3 472 2 460 2 205 194 1 012 935 491 370 2 54 3.11 121 111 10

PUCE AND COUNTY SUBDIVISION
Aguiior town Lot Ammos County............... .. 520 215 142 106 28 73 65 47 34 2 42 3 03 - - -
Air Force Academy COP El Paso County____ 4 387 1 205 1 176 1 112 44 29 28 - - 3 M 3 70 4 675 - 4 675
Akron town Washington County............... ....... 1 565 6V 7 439 369 53 258 247 153 128 2 25 290 34 34 -
Aamoso city Alamo so County . 6 615 2 661 1 690 1 198 389 971 775 273 218 2 49 3 13 964 171 793
Aiamoso East CDP Atomosc County............. 1 389 488 359 275 69 129 103 33 24 2 85 3 33 - - -
Alma town. Port County_____ _____________ 148 72 38 32 3 34 25 4 3 206 2 66 - - -
Antomto ’owr Conews County......................... 875 332 225 157 •A 107 104 56 40 2 64 3 33 - - -
Apolewood CDP Jefferson County............. .. 10 921 4 414 3 185 2 610 430 1 229 1 009 376 297 2 47 290 140 148 -
Amba town Lincoln County..___.....^^_ 220 101 56 49 5 45 42 25 15 2 18 3 05 - - -

Aryodo oty___________ _______________  . 68 677
32 744 24 710 20 429 3 243 8 034 6 382 1 705 1 425 2.71 3.13 558 509 49

Adorns County....................................... ............ 2 347 846 645 539 75 201 153 16 13 2 77 3 16 - - -
Jefferson County............... .............................. 86 330 31 898 24 065 19 890 3 168 7 833 6 229 1 689 1 412 2 71 3 13 558 509 49

A seen city fcflrm County........................... ......... 4 958 2 551 863 682 127 1 688 1 06 61 39 1 94 268 91 22 69
Ault town Wetd County ........______ _ 1 107 439 307 242 49 132 119 73 57 2 52 3.05 - • -

Aurora city_________ 219 814 89 132 58 034 44 525 10 554 31 090 25 069 4 278 3 391 2.47 3 07 2 289 954 1 335
Adorns County......................... .......................... 26 950 10 592 7 054 4 895 1 696 3 538 2 926 653 485 2 54 3.12 797 168 629
Arapahoe County............................... .............. 192 860 78 538 50 978 39 628 8 358 27 560 22 143 3 625 2 906 2 46 306 1 492 786 706
Douglos County................................................. 4 2 2 2 - - - - - 200 200 “ - -

Avon town, Eagle County.................... ............. 1 798 707 338 270 47 369 138 6 1 2 54 3.11 - - -

Bosalf town...................................... ..................... 1 128 443 289 232 42 154 91 11 9 2 55 294 _ _ _
Eogie County................................................. 1 002 389 250 199 38 139 80 M 9 2 58 3 00 - - -
*>irtm ( nuntv 126 54 39 33 4 15 11 - - 233 262 - - -

Settlement Meso CDP Gorftefd County 1 477 673 494 458 26 179 158 87 43 2.19 2.57 _ _ _
3ayf»efd ’own La Plato County 1 090 37! 286 240 29 85 69 32 21 2 94 3 39 - - -
Rennet1 town Adorns County............. .............. 1 757 58! 465 386 57 116 104 39 33 3 02 3 43 - - -
-e<nxxKj town corner County------------------- 2 938 1 102 815 666 111 287 748 115 91 267 3 15 52 52 -
3emgne town fit Corson County.................... 173 58 47 44 3 11 10 2 1 2 98 3 43 - - -
3»x* Forest CDP El Paso County.................... 8 135 2 725 2 339 2 169 116 386 293 61 48 299 3 22 8 - 8
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Table 6 Household, Family, and Group Quarters Characteristics: 1990-Con.

Fo» tietum o' term* and n^ansngi ©* s robots wt «e*i]

bounty

Place and [in Selected 

States] County

nouMhoKter bvmg

Married

Female 
haute 

hold*' no
65 rears one over

Inttifu
Other per 

eons «
Subdivision Pwsom e» 

Noutenoids
Afl houve- 

hotdi Total
cciuoie
torwlv

huvbond
present total Total Total Female MousenoM Famdy Total

twnaUed
persons

group
ouoner*

eua AND COUNTY SUBDIVISION—
Con
X town Cnnvxur Cownf,----------------- 63 26 16 14 1 10 9 3 1 2 42 300 1 1

Meoc »o-r Ae e Cosm,..... .......................... 4 S6 147 127 105 12 20 <8 6 4 3 10 3 39 _ . .
Mm» to-m to fw: County.................... 7 059 820 557 468 57 263 243 123 100 2 51 3 15 39 39 .
Vrnc Iwr togor county---------------------- 23B 94 64 56 6 3C 27 14 12 2 S3 3 19 - _

to«* *t« County......... ................... 1 60S 468 397 306 77 71 64 34 73 3 43 3 73 . .
»o-' ( W Cooney........................... 1 055 389 256 713 79 133 79 10 8 2 71 3 27 11 . II

¥;**ot »ow- Sogiwao* Cooney....................... 99 48 22 IB 3 26 25 12 9 206 3 27 - - •
V«»c City to Gronde Cosrty.............. 4 27B 1 572 1 165 857 251 40f 369 1 88 139 2 72 321 46 46 .

AAonttnrne tour Summ<i County................... 60 31 9 9 - 22 14 - • 1 94 2 78 - . _
Vy"o« nr> Montrose County.................... 8 535 3 671 2 437 1 937 403 1 234 1 085 550 429 2 12 2 87 319 284 35

Mon^men> ’own H Kuo County..................... 1 020 378 283 220 48 95 77 17 16 2 70 3 13 _ _ _
Morrison to-r, i#ff*rson County.................... 307 139 74 65 5 65 47 15 9 2 17 2 80 163 163 _
Vo^ntoiti v— lo-n teHerson County------- 550 26? 143 100 37 119 93 37 33 2 10 2 72 _ . _
Mount (tested Butte town Gumson County . 764 129 48 41 5 81 43 4 2 2 05 2 69 _ _ _
Navunfa town Mon*rose County 434 ISO 131 116 17 49 41 18 13 2 41 7 85 • . _
Neoenonfl inw* Bidder County................ 1 099 463 268 197 57 195 137 16 13 2 37 2 98 _ _ .
Ne» Costi# •oar County.................. 679 ?66 184 153 17 82 61 25 17 2 55 3 05 _ • .
S--;- COP boutdf County.............. ............... 2 666 1 035 723 641 61 312 252 26 20 258 3.12 - - -

Sor-YQ*fn- :♦(............................. ................... 37 034 9 829 7 310 5 850 1 074 2 519 1 998 437 331 2 75 3 19 161 161
Adams County............................................. 27 034 V 829 7 310 5 esc l 074 2 519 1 998 437 331 2 75 3 19 161 161 .
AM County.................................................

Somood tear So* M*gue Coirwy 479 170 119 101 14 51 43 IS 10 2 52 304 . .
Succ '0-* My-’ou .ounty......................... 656 275 187 159 20 66 82 45 38 2 39 2 95 • . _
Sr to*- am Cars.................................. 374 117 87 74 7 30 26 10 5 2 77 3 22 _ _
Gae lie** ‘own Aoutt County 673 301 182 136 36 119 106 39 25 2 24 291 . . .
Ckme tow- Varrov County....................... 1 B8 454 324 260 54 130 118 75 57 2 62 3 13 75 58 17
Ome> Spnngv town Cr^-dey Co*e«y_______ 34C 131 87 67 17 44 38 19 17 2 60 3 28 _
City*- *0—r ban M"** County 69 33 14 14 • 19 7 _ • 200 2 57 _ 8 _ _
C'7*ord Cry -own Dr*3 County..................... 2 T25 903 691 629 33 212 200 130 86 2 35 2 71 93 93 _
Oc^ord Mesc CD* M«o Qurty................ .. 5 977 2 141 1 722 1 501 160 419 337 132 95 2 79 3 13 _Orrov »nwr C'owtey County ....................... 970 436 278 214 49 158 150 83 61 2 2? 2 85 55 55 _
(hs »nwn rtashmgton County......................... 451 198 125 109 10 73 68 39 32 2 28 2 96 - -
(tody c*y Durov County................................ 643 290 179 157 16 111 100 39 27 222 2 68 1 _ |
Crv*e •own Sedg-o County _ . 349 147 104 92 10 43 39 29 23 2 37 2 88 _ _ _
HlOCiC Sonnet toien Archuieto County 1 7C7 451 330 235 74 121 no 51 35 268 3 16 _ _ _

A'- Wde *0-' Me VC ounty........................... 1 781 759 508 381 99 251 226 no 87 2 35 291 90 79 II
1 46C 562 398 337 44 164 126 31 26 263 3 16 _ . _

79 15 11 10 1 4 4 4 3 1 93 2 27 _ _ _^xyvj -a-t Dr*e County............................. 1 341 582 372 324 36 190 183 102 81 239 3 01 62 56 6
^ :r*vrt» 'aw" Go-V* County..................... 65* 762 184 155 19 78 68 34 26 2 51 3 02 .

'0W- CcvOWs .WIN------------ -------- 5 450 1 9?8 1 550 1 302 194 378 27 3 25 21 283 3 15 _ _ _P«*: '0*r logo* (o»rty ............................... 179 75 48 40 7 27 26 15 9 239 3 10 - - -
5*er’-se CC* "etnon* County......................... 7 231 785 636 554 54 149 123 SO 32 284 3 16 4 4
Stra tOB«n Avid Counrv................................ 823 261 227 193 23 34 31 13 II 3 15 3 43 . _ _
*r*A r town Gunn, son CdB^ty ......................... 53 26 IB 16 2 8 6 2 . 204 239 _
P'c-evHe ’own Ae4d County....... ................. l 515 522 415 331 58 107 96 43 26 2 90 3.31 _ _ _hmvnc Soring* f©wr Cno^e* County............ ?44 115 77 68 7 38 36 13 8 7 12 2 62 _ _
Fonorovc Part CDp t’Oert County................ 1 64C 531 471 422 28 60 39 6 4 309 3 27 _ _ _P"ttcn*t» town boco County.............. ............. 153 67 44 37 4 23 22 13 12 2 28 2 93 _ _►ao«t ntighfi lowr ht^w County.......... 19 9 5 4 1 4 4 3 3 2 11 3 00 . _ _Pueoio rrty PueDio County................................ 95 855 38 324 26 225 19 221 5 714 12 099 10 693 4 830 3 710 2 50 3 07 2 785 2 038 747

acv CDt PueWo County..................... 4 373 1 619 1 312 1 170 111 307 245 57 41 2 70 2 96 13 - 13

Arne* to—' |i Peso County........................... 94 40 26 22 3 14 10 5 1 2 35 268 _
*0-gt*v to-n fi'C dtoncc County__________ 2 164 783 572 499 53 211 158 39 79 2 76 3 25 114 B 106
Sflvmer toBVt AMd vounty............................. ve 39 26 24 4 II 9 2 1 7 51 3 04 _
■ec CWt ijr Fogte County........................... 791 91 75 60 12 16 8 2 2 320 3 *8 6 . 6
NMonds CD* Me*o County.......................... 9 353 3 527 2 885 2 628 180 64? 547 203 159 2 65 2 95 2 _ 2
t<; town Wore* County................................ 93 44 21 IS 1 23 18 5 4 709 305 _
■09—ov 'zr-n Due*y CosrS ......................... 421 161 115 95 16 46 36 II 0 7 61 3 10 2 _ 2
iuf« city GfrSeid County................ ............... 4 636 1 815 1 251 1 020 • 64 564 470 194 157 2 55 3 11 _
NWBror tour F'emon* County....................... 321 137 B5 67 14 52 46 29 25 2 34 3 02 _ _ _tore* Fore o*y Otero Cooey____________ 4 070 1 579 t 089 802 245 490 449 244 185 7 58 3 16 93 9? -
■ontec »cw Cenros County ............ 341 10? 86 59 IB 16 14 6 5 334 3 70 _ _

tOBB** *ueo< CosTty......................... ........ 168 69 47 38 8 22 20 8 7 743 304 _Segueche t-j-r Soguoc** Coir*y.................. 576 247 168 132 29 79 75 35 23 233 2 90 8 8 _
So*kjc oty .ric‘+e* County............................. 4 679 7 073 1 300 1 051 188 773 713 368 277 223 2 87 106 106 _bontotfl ro-n Lonetos Coun%......................... 750 224 176 151 19 48 47 34 26 335 3 95 . _
Son u»«l 'own Cosldtc CdU"*y____ _______ 799 296 206 141 47 90 82 43 29 2 70 3 35 1 1
bewv' tour Son V.gue County....... ............. 36 14 7 6 1 7 2 • 2 57 3 29 „Security A oetod COP FI Pose County ......... 73 80« 7 828 6 707 5 619 840 1 121 897 244 2C3 304 3 28 13 13
aeog-<» 'own Sedgwick Cosrty ................ 183 85 58 51 6 27 25 12 6 2 15 2 66 _
Sror-* »Cwn R.t Corson County.............. .. 161 85 54 50 3 31 30 20 17 7 13 2 72 - - -
Se**nyvf -p-r A etc County......................... 106 41 26 16 6 15 12 7 7 2.59 3 19 _
WndO' ON Arcponc* Cou-N....... ............... 4 955 1 982 l 308 900 317 674 577 232 186 7 50 308 21 10 11
S*wn4o' LCAe tew- »o—: County................ 95 34 27 23 1 7 7 2 2 2 79 3 26
SnenfBwood COP Aoorm Counry..................... 16 636 5 894 4 453 j 438 714 1 44 T 1 053 183 136 2 82 3 22 . _ _Sr *o*n Gorrto County.................. ............. » 095 439 306 250 44 133 113 45 39 2 49 3 01 _ _
S—«• O'* ~Mt> Cin» Cou^\....................... 322 133 83 68 13 50 42 16 10 2 42 304 _ _
S-*e- Pv.n^ -own .eor Creee .ouney............ 134 66 32 24 8 34 28 1 1 203 2 78 _ _ _S^«'*no"ie town Su-wmt Cogrty .................. 1 767 697 396 334 38 30> 149 0 4 7 54 309 1 _ 1
S.ve'trr town Son mjOn County.................... 716 275 191 153 22 84 72 9 2 26C 3 18 _ . _S-nuo tpwr *lbft’ County.............................. 454 183 126 106 18 57 56 31 24 248 3 13 27 77 -
Snowfnai* VAoge 'own Prtr County 1 437 684 329 285 29 355 219 10 8 2 10 264 12 m 12

COP AfOdCboe CoiTty.................. 42 986 15 218 12 399 10 730 1 364 2 819 2 799 473 406 2 82 3 15 99 99
Ll 1 416 654 410 345 47 244 232 126 103 2 17 280 59 59 _

• A-.mot 1 . . . . 104 39 33 23 0 6 6 6 5 2 67 2 97 _ _
™ •’tc-nborr* Srr'ngs n% Ros,n* County........... 6 530 2 707 1 473 1 167 706 1 229 687 86 61 2 42 2 98 165 61 104

Sten.ng j.K Logon County.............................. 10 012 4 317 2 675 2 155 407 1 64? 1 431 671 551 2 32 2 99 350 225 125
S'rotmoc- COP \ Pose Cot»n%....................... 5 654 1 935 1 537 1 247 269 348 263 69 55 303 3 31
S'-at'O" 'own Kit Cerso" Count-,.................. 649 278 190 160 28 88 W 43 28 2 33 2 89 _ _ _S.^0* C't> *o-n Ctc-tev Cou^y.................. 252 no 71 61 9 39 30 22 12 2 29 2 85 - - -
i.WO ’jwr........................................ 255 101 60 47 7 41 31 12 9 2 52 3 28

Bou-or ^cuntv............................................. 255 101 60 47 7 41 31 12 9 2.52 3 28 _ . _e“"VC' County.......................................... - - - - - - - - - - . -
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Table 15 Land Area and Population Density:
k* SKMkflM o* iemn M "Neetnnqs e* »v*nooes im m*

1990

State
!ownty

County Subdivision 
Plate AR persons

tan* area Srsom aer-

Severe kdo 
meters

Square
mdes

Square t» Square
«ndy

i n* 1* 768 659 5 103 779_S 13J Hi

265 CM 3 067 3 1 197 0 85 8 222 3
70 157 383 6 148 1 52 5 136 1
14 166 37 8 14 6 375 3 971 6

38 15 5 60 2 5 6 3
710 76 5 10 2 7 9 20 6

14 2* 1 1 50 127

73 311 114 6 44 3 203 4 526 2
16 756 75 7 9 7 645 1 1 675 9
6 U3 4 6 I 8 l 313 7 3 357 2

_ 1 9 7 - -
4 053 7 754 1 870 3 1 8 4 7

724 47 1 16 3 S3 13 7
1 757 4 7 1 6 4113 1 098 1

27 639 U2 0 548 194 6 504 4
77 573 9*5 37? 265 2 739 9

109 STB 193 0 74 5 983 8 2 548 7
j nt 1.3 5 1 805 4 4 694 0

6 6*4 10 5 4 0 636 6 1 671 0
9 142 4 7 1 8 98 7 7 5 '9C0

77 195 16 5 64 648 7 4 749 ?
16 636 64 2 5 ? 599 4 6 6 54 4
55 Cl 7 4* 8 18 8 1 127 4 2 926 4
10 7IB 9 9 3 8 I 032 1 2 688 V
41 639 38 7 150 1 075 9 7 775 9

5 197 43 1 7 1 206 6 3 057 1

13 *17 1 872 1 772 8 73 iB e
12 S8C 806 2 3120 156 403

7 5*9 90 3 5 84? 1 2 165 4
389 9 7 38 143 2 365 5

1 037 1 063 9 4108 10 2 5
H7 6 3 16* 7 373 3

391 51» 2 060 7 803 2 166 2 487 4
4 939 1 *97* 655 4 29 7 5

144 83 5 32 7 1 7 4 5
1 065 II 1 4 3 95 9 247 7

476 74 9 196 3 528 9
773 670 703 0 78 4 1 101 8 2 857 9
»i XX M8 7 45 6 1 643 0 4 258 9

1 453 1 4 5 l 752 1 4 9060
162 9C2 179 7 69 4 906 5 2 347 3

_ 1 1 4 . •
*13 1 1 4 557 3 1 537 5

74 39? 1*2 63 1 505 7 3 871 7
5 245 16 1 *2 325 6 64* 0
1 477 1 9 7 827 4 2 245 7
1 071 7 5 1 0 478 4 1 071 0

79 387 16V 6 5 1 738 9 4 521 1
7 5*9 70 0 7 7 379 5 985 6

33 577 31 4 12 1 1 0*9 3 2 775 0
4 976 5 7 2 2 873 0 2 26! 8

43 087 25 5 9 9 1 689 7 4 352 7

5 Ui 3 494 9 149 4 1 5 4 0
587 1 751 7 483 1 5 I 2

4 75# 7 743 8 866 3 2 1 5 5
1 2C7 60 73 301 ? 574 #

4 556 6 619 7 7 555 9 7 ' f
4|7 1 736 3 477 3 4 1 0
17! 4 1 307 5 1 7100
383 1 806 4 697 4 2 5
153 6 2 255 0 765 0

7 137 1 307 9 503 0 1 6 4?
1 475 7 1 8 702 4 1 84? 8

105 3 1 350 0 1 050 0
1 549 2 774 1 878 0 7 1 8

63 6 7 105 0 3150
697 1 7 5 576 7 1 384 0

5 04# 3 971 3 1 5140 1 3 33
3 9#< 544 9 7100 7 3 190
7 4f i } 3 1 3 751 1 1 908 5

013 662 6 263 5 1 2 3 1
249 7 694 8 1 0404 1 2

215 33* 1 923 0 742 5 1172 303 5
* 5M 591 7 :?! 5 <*2 4! 9

2C 73 9 6 7 22 2
75: 1 7 7 >47 a 356 c

1 096 36 1 4 305 3 785 0
159 1 S 6 >060 265 0

103 653 2*7 4 103 3 387 6 1 0C3 4
83 2*2 56 1 71 7 1 4(U 7 3 636 3

e 350 15 3 59 545 0 1 4153
131 2 7 9 59 5 U5 6
747 1 5 6 161 3 403 3

47 779 149 (( 57 6 3190 826 6
16 190 7» 5 8 3 762 3 1 974 7

14 3 3 1 3 4 2 10 0
U 54# 179 69 812 7 7 084
1? 23C 17 6 6 8 6*4 9 1 798 5

13 6 7 2 6 t 9 50
63 692 4169 161 0 1528 395 6

1 038 6 2 1 720 0 5 1900
5' 5S5 340 IJ 1 1 5163 3 935 5

' 277 7 5 1 0 490 0 1 227 0
2 Me 10 5 4 1 253 * 650 7

649 497 2 192 0 1 3 34

State

Al persons

tana arte **rtpft$ per-

County

County Subdivision

Place Squort bo 
meters

Square
trides

Square •> SquOie
mde

(haMee County....................... ............... ......— 12 684 2 625 0 013 5 4 8 12 5
Bueno ***0 Av-uck'.................................... 5 410 1 413 3 545 7 3 8 9 9

buenu y«sto 'in* ......... ........................ 1 752 8 7 34 201 4 515 3
Sakto d-wwon............................................... 7 774 1 711 8 467 9 60 15 5

knAo Springs loer ............... 244 2* 1 1 M 1 22i 6
5ow»c city.................................................. 4 7J7 57 22 831 1 2 153 2

Gnevenn* County................... 2 »7 4 6140 781 5 $ 1 3
.hrvenrw *r<h Avsmn _ ................ ........ 1 699 7 063 0 ^96 5 8 2 1

( twyenr* *ms town................................ 1 128 2 7 1 0 417 8 1 ''28 0
<" Cana* ** uo*-......................................... 69# 2 551 0 985 0 3 7

«i* Lana* town................................ . 30S 1 4 6 212 9 508 3

Cv» Cam*,........................................... 7 619 1 024? 395 5 74 19 3
Cfto'7r*o«*i dnnsron .................................... 2 253 523 2 202 0 4 3 11 2

fmpne ’own............................................. 401 7 3 572 * 1 33ft 7
beo'qt'own town.................................... 891 1 9 7 46B 9 1 272 9
Wvt- ........................... 134 6 2 223 3 670 0

4*1 1*<4I M*>.................................. 5 J** 501 0 193 4 10? 27 7
«ane Sp»mgs cay ..........----------- 1 134 2 1 8 623 3 2 29 2 5

Coneiot Casrity................................................. 7 453 3 334 2 287 3 2 2 56
Antonac d*v*v«n....... ......................... 1 8 8 497 4 190 1 3 7 9 6

Amonae town ........................... ............... 875 1 0 4 875 0 2 187 5
Connies **s* Avswon................................. 428 2 106 7 8134 2 5
Lo loro dinsion.................................... ........ 3 338 6100 235 5 5 5 14 2

lo JOtc town.............................. .. 725 8 3 906 3 2 4)6 7
Sontord town ........................................ 750 3* 1 4 208 3 535 7

9T31V Av*von........................................... 1 #69 125 1 48 3 14 9 38 7
RAonesS? ton*.......................................... 98# 24 9 411 7 1 097 e
Dome© yw.................................. ...... 341 6 2 568 3 1 705 0

Cos’d* Caunry................................................. 3 190 3 171$ 1 777 7 1 0 2 6
8 torn c An von............................................... 1 154 1 3V8 f 524 6 8 2 2

8-onr- t®we ............................................. 272 4 6 1 8 59 1 151 1
San UM dnrrvoa ............... 7 036 1 819 7 702 6 1 1 29

W> UM ........................................... 800 1 2 s *6*7 1 600 ?

C"w«** two**....................... ....................... 3 *4* 2 043 6 789 0 1 9 SO
fodwov Aesmr............................................. 3 534 1 261 9 4«7 2 76 ’3

Crtmnrv n>wn..................... ............. ........ 775 7 3 321 < 75C0
0*e> Spongt tow*.................................. 340 6 2 566 7 1 7000
O'dwov ’own . ....._______________ 1 025 70 6 512 5 1 2S 7

Suqot C»tv 0tv van ................ 417 781 7 30! e 5 1 4
Vigo* City tow*................................ . 252 1 0 4 257 0 63CC

(us*e» County................................................... 1 976 1 913 I 738 9 1 0 26
Westr‘**e AmsKm......................................... 1 926 1 913 8 738 9 1 0 26

Sbr Cbtt »owr.................................... 322 40 5 156 80 70e
Went* town ......................................... 31? 79 1 1 107 6 283 6

Delta County..................................................... 20 980 2 956 3 1 1*2 2 7 1 194
CeAyedo* 3'vvon......................................... 5 7?9 70S 7 273 6 8 1 2C9

cede *Jje ’own ................................— 1 380 3 3 1 3 *162 1 061 5
Oclora ' *> tow* «p* 1............................ 2 7 1 29 5 11 4 75 2 194 6

0e*« #»•«*................................................. # 467 12# 9 320 0 10 2 26 5
Ce*e n*y ............................................... 3 789 7 1 2 % 533 7 1 353 2

*et*Ve*SS - **von ......................................... 3 761 113 7 3U 2 4 6 120
(*ew*!yd ’own........................................ 721 6 2 3*« 3 1 ’05 C
Nor<«* as »ow* .............. ................ ...... 744 1 7 7 437 6 i ot: 9
Ortw'd Cav ’own -P» I-------------------- • — - *

toon*- Av*V9* 3 023 607 0 234 4 50 129
Rome «own............................................. 1 403 20 8 701 5 1 753 #

forty*' Cotettv................................................... 467 610 397 0 1533 1 177 9 3 050 3
Derwe* a** won............................................. 467 6’0 397 0 153 3 1 1779 3 050 3

fo"*r city ...................___ 467 610 397 0 153 3 1 177 9 3 050 3

Dotoftt Cou"ty ... ....... ............... 1 504 2 763 6 1 067 0 5 1 4
Dove (tee* division............................. ........ 1 381 773 5 298 7 1 8 4 6

Dove C*eet ’own...................................... 643 1 4 5 459 3 1 286 0
8kc 6wmr......................... ....................... 123 1 990 0 768 4 1 2

6(0 town ................................................. 92 20 8 46 0 1150

Dovgm County ............................................. 6C 391 2 17*0 84C 2 77 0 71 9
Gosfr Lor* Ovvok...................................... 10 957 675 3 26C 7 16? 42 C

Cove Loci city Ip* __ 7 138 sc* 19 5 141 6 366 *
LOAIOV ’own................................ ........... 131 II 5 4 4 202 52 »

kyi* evvor............................................... 23 301 6*3 * 2*6 5 3* 2 93 #
Aurora ©ty ip»).................................. .. 4 20 8 20 5 C
Carte lore :#y .pr J.------------------ - 1 56« r *

106 $7 3 14# 0
heoe- ’own............................................... 5 450 U J 13 2 1589 4129
T|» Pvwrv ......................................... 4 MS i*2 5.5 3440 88# ?

Mow d-wvon............................................. 26 133 657 1 330 9 305 790
Costie Sxt c*y tpt )................................ 1 7 1 8 $ 1 3
0o**wo> CD*........................................... 7 510 13* 5 3 544 7 1 4170
Higtoo'vjs Soncti CD*1............................... 10 111 17 5 4 B 814 5 2 121 0
l-ntf’on city [pr).................................... IDS 5 7 2160 54C0

foqle Cou*”>...................................................... 2' 928 4 3718 1 688 0 SO 13 0
Basel' aavon.................................. ............. 4 367 495 0 191 1 e e 22 9

ftoso" to**- pi ........................... ......... ' 0C2 I 2 4 835 0 2 5C5 0
fi mw ;c*............................................. ? 605 14 9 5 7 174 8 457 0

'ogle Gygswm Av-von.................................. 6 112 2 562 9 vev 5 2 4 6 2
loqle ’own............................................... 1 58C 2 3 9 687 0 1 755 6
C.ypsum ’own.................................. ........ 1 750 4 9 1 9 357 1 921 1

Wirtu»n B*d (Mf devvon ......________ 11 449 1 3139 507 3 B 7 22 6
Avon town ............................................... 1 *98 13 1 50 117 3 359 6
{(Me 41 CD#........................................... ' 922 1 7 6 1 1306 3 202 3
¥•**9^- ’>•-■ ........................................... D66 36 4 796 1 7ft 4
•ed C** «Own.......................................... 797 6 2 495 0 1 4?5 3
Vod ’JU- ................................................. 3 *59 17 1 4 7 302 * 776 5
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Tobie 16 Land Area and Population Density: 1990
►or detunetons o* terms and mearwefls o♦ ly^doh iw it#*

State land area Prions

^B County

Plate ond [In Seletted 

States) County

Subdivision
At mutt

Square Uo Souore
tneet

Square b- 
Wf

The VMM 3 m m 344 659 5 103 7793 ISJ

COUNTY
*00** Comy .. _............................................. 245 :3I 3 067 3 ’ 192 0 85 8
»«™OM COM"*............................................... 13 617 1 172 1 722 8 73
‘'scow County........................................... iti S'l 2 08C 2 8C3 2 188 2
*r*uwf« County............................................... S «5 3 494 9 349 4 □

Lx# County------------ -------------------- — 4 55* 6 *»9 7 2 555 9 .7
•4"' it**! ...................................................... 5 G48 3 971 3 5*40 1 3
twdr County...................................... .. 225 336 l 923 0 742 5 1172

County................................................. 12 004 2 675 0 I 013 5 48
C«wyenne County ............................................... 7 397 4 614 0 l 7| l 5 5
C«e C’eet County.......................................... 7 *19 1 024 2 395 5 74

Conetos County................................................. 7 6 S3 3 334 2 1 28 7 3 22
, :s**o County................................................. 3 *3 3 178 5 1 227 2 1 0
C'owrfe, County............................. .................... 3 *40 2 043 * 789 C 1 9
(uvr Country................................................... 1 926 1 9'36 7319 1 0
Lft»0 County...................................................... 20 9*3 2 958 3 1 142 2 7 1
Ceme* County................................................... 467 6'3 397 0 153 3 1 1779
L 2tO*e» County........................... ...................... 1 X* 2 763 6 1 0*7 0 5

6C 39 2 176 0 fUC 2 27 8
County ............. ................. ................. 71 9?§ 4 371 8 668 0 SO

f De*t County.................................................... 9 ox* 4 7*3 6 i 850 9 70

E *0*0 County................................................. 397 014 5 508 1 7 126 7 72 1
►•entont County................................................. 33 773 3 970 6 1 533 0 8 1
GoNW Com"*................................................. ?9 974 7 634 0 2 947 5 3*
«5-pw Conty...................................................... 3 07C 388 7 I4« 9 7«
>ontf County ................................................... 7 9o* 4 7909 l 849 8 1 7
>nyy County............................................... 10 773 f 389 0 3 739 0 1.2
n'SOou v&uftn,............................................... 467 2 895 0 1 1176 2
Hjertono County............................................... 6 009 4 1707 1 591 0 15
/OChton County................................................. 1 60S 4 178 5 1 6133 4
f***e»W>n County............................................... 438 433 2 000 1 772 2 2192

■ cwfl Cor"y................................................... 1 60* 4 587 2 1 771 1 4
« * COW County............................................. 7 >43 5 597 0 2 161 0 1 3
,3e« Corny ..................................................... 6 X7 *76 2 376 ? 6 2
t: Prc County................................................. 32 2U 4 393 0 1 6*2 3 74
- County................................................. 1*6 13* 6 737 7 2 act 4 27 6
b3» Aetnai County.......................................... 13 7*5 17 3*2 0 4 773 9 I I
L-ncoW County................................................... 4 579 6 6*8 4 2 586 3 7

__ .e-go" Com"*................................................... 17 St 7 4 762 0 l 836 6 3 7
^■B'-'ts: ;yt. «3 Hi 8 61*3 3 327 * 108

SSI 2 768 4 •75 8 2

Cor",................................................... II 1J7 12 283 1 4 747 5 9
VjrtfisMM County.......................................... 1 t*2 5 775 7 ; 036 9 3 J
Vr**ou Cortty............................................... 74 423 5 803 5 2 240 7 47
V-to- Com"*................................................. ?' 939 3 32*3 1 285 5 66
L"**»0 County...................................................... 20 3 271 0 1 762 * 6 7
Du*Oy County.................................................... 7 795 1 404 0 542 1 1 6

Cor*y........................................................ 7 174 5 700 1 2 >008 1 3
^ «t County................................................... 4 119 1 7| i 0 687 7 24

Cor*y...................................................... 1? Ml 2 5>3 5 970 5 50
‘-MTI County............ .................................... 13 W 4 248 9 1 640 5 3 1

^Jtoo (omn ............................................... i?3 OS' 6 >87 0 2 386 8 19 9
A - . ou"*v............................................. 5 97? 8 342 B 3 221 2 7
*: C'ono* ounry............................................. «0 770 2 363 6 9126 4 6
•o.t* County..................................................... U 08! 6 1170 2 3*i 8 73
S09U0C*V COt^N............................................... 4 *19 8 20* 8 3 68 7 6
Sc Juan County.................... ................ 745 1 003 5 387 4 7
Sc County 3 *53 3 332 2 1 78*6 1 1
:*'Sgwr% County............................................... 7 1 420 0 548 3 1 9
S.-nU County................................................. 12 M 1 S7S3 (082 62
:*-T County...................................................... 17 4b| 1 442 9 557 1 06
Asstengtor Cou«N........................................... 4 •'2 6 S?9 8 2 52) 2 7
And Comity..................................................... 131 B?> 10 341 3 3 992 8 12 7
t„nso County...................................................... 6 954 * 178 3 2 366 1 1 5

PUCf AND COUNTY SUBDIVISION
AjgdQT to«fl [•» Anmat County ...... 523 1 0 4 520 0
A tony AtoOemy E» Pne County___ 9 0*2 26 0 10 0 348 S
A«*0r 'Own Ar-^y County.................... 1 599 3 4 1 3 470 3
A -mova r-ty Aiamcw Court,.................. .. 7 570 9 0 3 5 84? 1
a jmOW t«»* CD* Aionujso Co^»ty.................. 1 309 9 7 30 143 2
Ai*wq town rgrt County . .............................. 146 9 3 1*4 4
A-uomto town Conetoy County....................... 175 1 0 4 875 0
ieo»«*KX! CCV »IWk» Com"*................... II 0*9 109 7 3 585 7
An 00 *Own Into* *.OUnn........................... 270 1 2 5 183 3

A'.oOo <«»y........................................................ •9 735 57 J 7? 1 1 5S7 3
*4om» Cos^ty......... ..................................... 2 34' I 3 5 1 805 4
tMttwv Coi^ty.......................................... Be Mi 56 1 71 6 1 540 0

A wen r>ty Mu* County.................................. 5 049 5 2 70 971 0
Au»* »Owr Arid County .................................. 1 107 1 7 7 ASI 2

A/tO <■*>........................................................ 222 ID3 343 7 132 S 647 2
AOo^S LOUnty............................................... V 747 138 6 S3 S 200 7
a opono* Coyetty.......................................... 1*4 352 707 7 78 3 958 0
:«in c«u<»»--------- --------- 4 20 • 20

A.*» ’*wr Eof« Coyr*y................................ » 79| 13 1 SO 117 3

to*'........................................................ l 121 1 7 6 6*3 5
i a: I 7 4 83S0

126 5 7 752 0

Mr. CD* Gar«*<6 Com"*......... I 4T* 2C9 8 1 707
?3.*Utd ‘Own VO *C»C County....................... C*K 7 l 6 5190
'z*~*T »uw Aoaetrs Cou^____ ____ l 7JT 4 7 1 6 416 3
5f-*OuC *wr Lor>-»*» Ct>yr% . ..................... 2 »: 3 1 I 2 V64 5
sr»unt ’own Ait CO'WX CoyTty.................. 171 4 7 437 5
E-OC« lc»tt» CD* 1‘ hlSC County .................. 8 U3 330 4 177 6 / 4 6
P'OC» non* tonrr. Gdpn County .................... 22’ 3 8 1 s S9 7

or — Stale

At pe« earn

land wea pw-

Square
tn*r

County
Place ond [In Selected 

States] County
Subdivision Square k*> 

meters
Square Square 6

komtter
Square

•**M

31J tUCl AND COUNTY SUBDIVISION-
Cw

6-ancc K»»t Cc***c Cflyn*ty........................... 272 4 6 1 8 59 1 151 1

'8 6 feur **ur 'onm Su-uwt County.................... 440 5 7 22 ”3 20C 0

487 4 fcononj: C*v town Voquoc** County............ 16 II 4 14 5 400

40 Boone 'on* Puefco County........................... 341 1.2 4 284 ? 852 5

l 8 bouMr c»»y *outar oy**t>........................... •3 312 584 276 1 426 6 3 686 4
33 low RAO- »Own................................................. 854 1 i 7 47« 4 1 230 0

A-SJPONW CoyMty........................................... 613 t 1 4 557 3 l 532 5
Count,........................................... 241 7 3 344 3 803 3

19 3 StOntOn *OW- Lot Atunvot County ................ 58 1 9 7 30 5 82 9

58 Btfoewidje tour Sutwmt County 1 785 n 2 4 3 1147 298 0

26 Bnqhton C«ty........................................... .. 14 203 36 7 150 3*7 0 946 9
Atwtn County............................................... 14 186 37 6 14 6 3753 971 6

2 *
16 4

»« Com"**.................................................. 17 9 3 18 9 5*7

3 040 3 B'ooewot town ►*emor» County.................... 113 1 1 4 16*4 457 5

7! 9 Iwn'itd city.................................................. 24 638 S7 6 223 426 3 1 104 0

13 0 40O"H vounty............................................... 6 727 26 0 100 258 5 672 2

5 j 0ou«r County .. .................................. 16 390 71 5 8 3 762 3 1 974 7
leHetton County........................................... 1 57? 74 2 8 205 7 543 6

71 1
meld County.................................................. 4 29 1 1 1 4 36

107 erty Atotqo- County............................ 4 us 63 24 661 1 1 7354
705 But*: vitto ’own Cnc+tee County ................ 1 7S2 87 34 701 4 515 3

4 3 Burtngion City Itn Co^vx County_________ 2 941 4 S 1 7 653 6 1 730 0
32 6vn CDf Arapahoe County........................... 1 06S 11 1 4 3 95 9 247 7

4 Coma* town ti Pate County........................... 562 1 0 7 312 7 802 9
3 6 Compion COP lonmet County......................... 1 692 9 8 3 8 172 7 445 3
1 0 Contoc town Bcko County .............................. 121 4 1 3C2 5 1 7100

56? B Co«o" Ctty c»ty I’eman* County.................... 17 68? 70 4 7 9 *21 9 1 605 9

1 0 Co-K>"«o» >0«" t*r*«w CowMy................... 3 004 4 3 1 7 698 6 1 767 1

3 3 Catrooe-cNpto M f' Potc County ... 1 479 35 1 13 s 42 1 09*
15 9 Cow Roct tty Oouqm County..................... 6 706 79 9 309 109 0 78 0
19 1 CoWwood COP Anjpenoe County________ 24 39? 1*2 63 1 505 7 3 071 7

7: * .'eoo'nloe ’own >r»fl County......................... 1 JSC 31 1 3 418 2 1 061 5
26 'yfitf *owr 1 963 2 1 0 934 8 2 453 8

>onde County......... .................. 4 1 1 hi 400

28 C
Soguacne County........................................... 1 959 1 7 7 1 152 4 2 790 6

6 Co""*, C«* n*> GW- CsmM*.............. ........ 335 11 9 1457 372 2

2 4 Cnrow »ewn Chec .>*** ........................... 265 4 2 6*2 5 1 325 0

9 2 On "*> >6090 t». 6-cMtao Lorn* ... 5 245 16 1 67 325 1 84« 0

10 9 1 120 27 1 0 417 1 1 120 0
17 1 Ceno-fon Hdh CD* |i *ow County................ II 160 IS s 60 720 0 1 86CC

16 0 C^ton CD® Mew County............................... 12 *71 179 69 707 9 1 836 4
Coo C'ee* 'own ^emont County.................. 157 1 7 7 *2 4 224 3

3 3 l^tdOt *ow las A/wmn Cour^v................ 116 5 2 232 0 58C 0
Co--Dror* •OW** - CayWy........................... 278 5 7 456 0 ' 1400

13 0 Cyvote C»» CD* «\m*b Cowy .................. 1 149 ♦12 35 2 126 32 6
6 1 CotOrOdC Sonngi tvty ft Apeo COBWty--------- 78? >40 474 5 183 7 592 5 1 534 6

51 5 Ceunrt CDP........................... ...................... 23 969 16 6 6 4 1 443 9 3 745 2
i 9 A’apr*->e Cfcrft,........................................... 1 572 1 9 7 877 4 2 245 7

11 6 ieWereo* County ............................. .. 22 397 14 8 57 1 5133 3 *2* 3
6 0 
l 5 Co*u*no>ne vo»e> ’awr Aiapohoe County ... 1 071 is 1 0 428 4 1 071 0

womme'vt City City Aoonn County................ 1* 466 SI 7 200 318 5 823 3

2 0 Ctx»e: cit* Mem t fume e»wtv .................. 7 284 1)9 54 524 0 1 348 9
Ctqq city County.......... ..................... 8 091 12 s 4 8 647 3 1 68 5 6

21 7 C 'ow*orc ’own Lt"o lountv......................... 771 6 7 368 3 1 105 0
22 4 Creed* ’own Vflra (c*w»v ....................... 36? 1 1 4 32* 1 905 0

C’ti’ed lutte ’own Gunniion County........... B?e 1 0 4 070 0 2 >95 0

33 0 Crest one town Soguocn* County..................... 39 7 3 557 130 0

3 6 Chop*# C’tefc city M*r County....................... 584 2 6 1 0 724 6 S84 0
L’00* town Logon' County 4b 3 1 493 3 1 480 0
C’Owtey town Crowte, Co»«nty....................... 225 7 3 321 4 750 0

1 300 C Docono ctty meld Cou"*y................................ 2 228 41 1 7 518 1 1 3106
D* Boque ’own Vev: Cmrry .................... 257 8 3 32' 3 856 7
Dee* l’r lowr A -Jcxnne County.................. 476 74 9 983 528 9

2 *65 4 De Vr’t town t.; G'onde County................ 1 674 71 9 760 9 1 860 0
De*o rtty Delta Loun^ .................................. 3 789 7 1 28 533 7 1 353 2
D*nwf' City Ctenvei County . ...................... 46? 610 397 0 153 3 1 177 9 3 050 3

2 187 5 Dfttly CDP Adomy County............................. 6 043 4 6 1 8 1 313 7 3 357 2
D40*- town Somnw County ........................... 553 76 1.0 212 7 553 0
CeiOAOu* ’Own Mc-r County....................... 324 1 6 7 1000 462 9

4 037 8 CflVtt town Vcv’tfumo County.................. *66 1 6 6 541 3 1 443 3

4 694 0 Dove Ctee* town Dowrte County.............. .. 64] 1 4 5 459 3 1 286 C
4 C22 6 Dcronqo <«v ic «\rt3 ^ounty......................... 17 430 12 1 4 7 1 027 3 2 644 7

[eO» ’own tiowe County................................ ?8C 1 2 5 650 0 1 560 C
toga ’own toqte County .. ......................... 1 sac 2 3 9 687 0 1 755 6
(09NV. CD* loo, Cou"(y............................ 1 97? 1 7 6 1 130 6 3 203 3

1 676 2 tC*Or town mtA3 i.OT*N................................ 1 959 24 9 81* 3 2 176 7

518 b FCAWV ’Own *umo County................................ 211 1 2 5 175 0 422 0
2 482 i :0gewc*tr c-ty e'Vw .Ov"ty.................... 4 613 1 9 7 2 427 9 6 5900

SC Itr [W6.................. ......... 0<8 1 4 5 504 3 1 636 0
ti «» :r» io9» ;ou<»> ................................ 2 60S 149 57 174 1 457 0

359 6 •mp^e ’own *<> C'eee 'ou«y.................... 40! 7 3 572* 1 336 7

1 860 0
Engwwood r*y I'acxs+o* County_________ 2« 387 169 65 1 738 9 4 521 1

2 505 0 Ene ’own..... ....................................................... 1 758 9 J 37 >32 4 3400
630 0 0OvAdt' ''<**** ............................................. 14 33 13 4 2 ICf

187 3
Ae*d :u”t>................................................. 1 244 *7 74 200* SIB 3

1 362 5 ll'n Art 'own lot me* Corey................ .. 3 >84 13 2 S 1 741 7 624 3
C9: t»onj pty *n) Count,.................................. 5 877 70 27 839 6 2 >76 »

7 491 7 Erwgreen CDP ■et’e ion County..................... 7 58? 26 0 10 4 782 9 779 0
865 0 tout^Oy *bwn Po*» Count,.............................. 387 20 6 1*3 5 483 0

63 9 teoro tAt»5ff| cay Aoams County................ 9 34? 4 7 l 8 1 907 7 5 1900
151 3 In tit one town *rtd ^ounty....................... 1 358 29 1 1 468 3 1 734 5
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Table 16 Land Area and Population Density: 1990-Con
For detritions terms jnd ’’'•anmgs o» symbols

State
County
Place and [In Selected 

States] County 
Subdivision

place and county subdivision-
Con

Flagler ’own <rt Corson Comity...........
Fleming rover Logon County .............
F create aly Fremont County-------------------
Fort Carson CDP £< Pos© County -------------- -
Fort Codms atv larimet County ..........
Fort Lupton city Werd County ...—......
Fort Morgan city Morgon County-------------
'O^ntojn ary 9 Paso County------.........
►awr ’Own Otero County ...------------- ...
Fraser town Grgnd County ..............

F*eJer-c» town WekJ County —..........
Fnsco town Summit County ...----------------
Frurfo ary Mesa County------............
Frwtuo* CDP Vmo County........................—
Garden City *cwn Wed County...........
Gateway COP Douglas County-------------...
Genesee CDP JeHerson County ....-----------
Genoa town Ineom County —--------.....
Geo»ge’own *ow« CWor Creek County---------
G«lcrest town Wed County

Glendale city A'aoanoe Coimty............ ...........
Gleneagle COP :l Paso County.......................
Gienwood Sprngs city Gortied County .....
Gcdm afy .ieHmon County ....------------
Granada ’c«* Prowers Couttry ...—......
Gronoy ’own Grand County .............
Grand iunc’<sn ary Mesa Ccwmty--------------
Grand .a»e ’own Grond County ....---------
Greeley rty Wed County------...........

Green Moumoei Foils town 
LI Paso County
teker County .......................

G’eenwood Vedga city Arooohoe County ... 
Grover town *>d County ..............

orH CDP Soutdf County ...........
Gunrnon city Gtmrason Cosetty------------------
Gvosun town togw County .............
-ytpwof town Ptowers County ...........
•taswen tow* iio*o County .............
•toetun town 3*'««i«ss Counry----------- ......
tjyden ’Sen 3©utt County.....----......
t^monas eoncn CDP Cougtos County ......
tuUose *own Morgan County ............

no*y town Pawn's Coimty..............
-*o*yo*e oty 3Kri<» County------------------- -
Ttoooer’own Admoso County ...........
rtotctkiis town Delia County ............
HO* k«Aur Sormgs ’own Gtand Carney------
Madsen’own Wed Counry ..............
Hugo *own .mead County------- .........
KJono Smu c^v Oeor Creee County............
tgnocio ’own .0 Plate County............ .............
fctt town Ugon County ...--------------------
;qnes*own ’own Bo^df Carney--------------
jqhnatown »ow" Wed Cawty............
j mosourg town Sedgw-o Ccxnty--------------
<cenesOurg ’own Wed Ca^ty ...........
<en Ccryt CDP >e**erson County ..........

«ecto ’own Wetd County..........
•ersev town And Counry----------------------
Km town LOS Ammos County............
««wo ’own rberi County ........—...
*(t Corson town CHevenne County ........

Siernmeng town Grand County ...........
loloyette c-ty Boulder Camty-------------------

loro *own Coneios County ........------
10 Junto d*y Otero County------- .........
Lake Cry ’own •hnsdate County................... ..
Lokeuoc town letfe*son County ..........
Lakewood t ry lettetson County ..........
lamor :*> ^Owers County......------------
Lornsovjt town Doug os County.................
lo Satie town .Ve*c County.....__ ......

los A-mes oty Sent County ............
lo veto taw" Huerfono County...........
leodw-d city -ake County-----------------------
Ltoovi ie Honti CDP l»he County..........
limon ’own Irscon County------- .........
Untom Pot* CDP ‘rernonl County--------- ...

t teat]

Lend area Persons or —

Square kilo- Square Square he Square

meters mdes tometr m*«e

1 4 5 402 9 1 128 0
1 1 4 312 7 86C i I

53 20 564 2 1 495 0
24 3 9 4 465 4 1 203 I

106 7 41 2 822 5 2 130 0
75 29 687 9 1 779 0

II 2 • 3 809 6 2 108 8
36 6 14 1 272 8 708 1

1 0 4 1 1540 2 885.0
3 t 1 4 155 4 410 7

8 1 3 1 1220 318 7
3 1 l 2 516 5 1 334 2

10 5 4 1 385 2 986 6
82 3 2 636 8 1 631 9

3 1 663 3 1 990 0
131 5 3 544 2 1 4170
172 6 6 159 1 414 7

9 3 185 6 554 7
1 9 7 4Afl 9 1 272 9
18 7 802 2 1 548 6

1 4 S 1 752 1 4 906 0
39 1 $ 425 9 1 107 3

11 9 4 6 551 3 1 426 3
19 5 7 5 672 6 1 ’46 8

1 8 7 285 0 732 9
1 7 7 568 2 1 380 0

38 S 14 8 754 1 1 961 3
23 9 1126 287 9

736 28 4 622 5 2 <31 5

22 B 301 4 828 3
1 9 7 333 7 905 7

3 1 96 7 290 3

200 7 7 379 5 985 o
1 3 5 103 e 270 0

15 » 6 1 590 4 1 539 0
82 3 2 565 4 1 ud 8
49 1 9 357 1 921 1

8 3 1350 340 0
2? 3 26 2 77 5
1 2 5 793 3 1 904 0
3 7 1 4 390 3 1 03’ 4

12 5 49 8 4 5 2 '21 0
6 2 211 7 845 0

1 9 7 461 6 1 252 9
45 1 7 429 1 1 135 9

6 3 •84 7 373 3
1 7 7 437 6 1 062 9
1 7 7 204 I

495 7
1 1 4 634 5 2 295 0
1 4 6 471 4 1 10C 0
2 1 8 873 3 7 797 5

6 2 I 200 0 3 60C 0

r 3 248 6 5800

1 7 7 14/ 6 358 6
1 1 4 1 435 5 3 947 5
3 3 1 3 39 2 4 994 2
1 4 5 407 l 1 I4C0

24 8 9 6 983 5 2 540 7
5 2 10 0 25 0
9 3 1 088 9 3 244 7
8 3 95 0 253 3

1 1 4 250 0 e87 5
1 4 6 217 9 508 )

Ploce and [In Selected 
States] County 
Subdivision

564
344

2 990 
11 309 
87 758 

5 159 
9 068 
9 984 
I IS4 

575 

988
1 601
4 045
5 222 

199
7 510
2 737 

167 
891

1 084

2 453 
I 661
6 561 

I) 116
513 
966 

29 034 
259 

60 536

663
634

29

7 589 
135

9 388 
4 636
I 750 

108 
62 

952 
I

10 181
169 

877 
I 931 

112 
744 
147 
918 
660 

I 834 
720 
I7« 
251

24 391

1 166 
14 548

725
7 637 

723
II

126 481

8 343232
1 783

2 481
726

2 629 
I 757 
I 831
3 778

34
1/9

8
67
22

5
105 7

10 7
11 5

1 8
33
28
2 7
66
44
98

I 3 
6 9 

3
26

8
2

408 
4 I 
4 4

7 

I 3 
I I
1.1
26 
1 7
38

342 9 
812 7 
906 3 

1 1399 
101 4 
22 0 

1 >96 6 
779 7 

20 2 
990 6 

751 8 
259 3 
973 7 
266 2 
416 1 
380 4

§96 9
2 108 4 
2 416 7
2 937 3 

278 8
55 0

3 100 C 
2 034 9

52 7 
2 547 l

1 908 5 
660 0

2 3900 
675 8

1 077 I 
911 I

PLACE AND COUNTY 5U8DIVISION -
Con

Merino ’own .oqon County..............
Mrlliken town We'd CM**..............................
Mmriirn 'own (ogle ( aunty .............
Mo Hot town Soguofh* County-----------------
Monte V«»ta city PiO Grande County..............
Monteiwmo town Summit County......... ..
Montrose city Montrose County ..........
Monument town d Paso County ..........
Morrison town JeHerson County..........
Mountain View town letter son County..........

Mount Crested Butte ’own Gunnison County. 
So’unta town Montrose County ....—... 
Nederland town Booklet County ..
Sew Castle ’own Gart>ed County............ ..
Mwot CDP Boulder County..............................

Northglenn city .......
Adams County......
Wed County..............

Norwood town Son Miguel County .....
Nucd ’Own Montrose County ...---------
Nunn town Wed County............ ..
Don Creek town Routt County ........
Okjthe ’own Montrose County------------
Dhwv Springs Crowley County ....
Dpttu ’awn Son Mrguei County.............. .
Or chord City town CWtO County............ .
Ctchord Mesa CDP Mesa County...........
Oawav town C/ownev County ........
Otrt town Washington County------.....

Ouroy city Ouroy County ............
Owd ’own Sedgwick Carney.............. ..
PqgotO Sormgs ’Own ArchmetQ County.,
Pa»isode town Mtso County..............
Paimer lake ’own Li Paso County......
No* tgwn Phi os County............
Pgon*a town Dene County ...........
Poroc’vte town Gflrhetd County............
Portet ’own Cargos County.........
Peetj town .ogon County...........

Penrose CDP ’temont Couney ........
Pierce town Weld County ............
Pitta town Gun’'•ion County ------------
Ptat’ev « town Wed County.................
Poncno Savings ’own Chattel Couney .. 
Pcndroso Pets CEP Fber* County ....
w«»chen tow" Boo County .........
Ptesoett He»gers town Fremont County . 
hjeO»o cm, PweO*o CosAty...........
Py«0*0 Wes’ CDP AjeOd County............

a<jmah ’own (i Peso County.........
Parget* town Pkj BMnt© County............
Pjy»*wr’own We»d County ..........
3rd C1H row" Logi C0U"*V .........
Peotonos CDP Mesa County...................
Pro town Dolores
Pdgwov town Ouroy County............ ..
title city Gorhud County--------......
■otfc«ou town Fremont County-----------
Pocky For# city Otero County.......... ..

Pomec town Coneiof CorX*tV ........
py* town pyeg»0 County.........................
Saguacne ’own Soguoc** County .....
SdMo city ChaHee County............
Sonlord town Condos County........
San ues ’on" Costco County.............. .
Sawoit >own So" M*gue1 County..........
Setur-ty W'.jetetd CCP Ll Poso County 
Seagwek town Sedgwick County ..... 
SeOe” »own <j» Corson County-------

Severance’own We*d County ........
Shenoon city Araoonoe County .......
Shendon lake ’Own Kiowa County ....
Shertelwood COP Adams County.....
SW town uorhetd County.....................
Silver CM* town Caster County ......
S>*v»r Nome Nnm Oeo» Creek CoMtty.
S.»venhorne ’own Swmmtt County____
S tvwton town Son ,uon County..........
Smi«’own ite»’County ..........

btheton city...................
Araoonoe County...---------------------....
Dougkn County ......................... ..

lochbuw tewn WeM County------------------- -
.eg Lane V*oge ’own Morgan County--------
.ongrt'ont city 8ou*det County ...........
.owsnile city. Boulder County..........................
LOve*and city .oraner County ................ ..
Lyons town Boulder Co«My-------- .......
Mancssa 'own Conetos County.............. .........
Manras ’own Montetumo County.........
Momrog Sormgs city (I Poso County.......
Mon canola ’own Otero County ...........
Mot pie ’own Gurn.son County ...........
Mead ’own Wed County .................. .............
Metier ’own Pio Blanco County..........

33 685 
33 577 

108

1 168 
66 7 

51 555 
12 361 
37 352

1 227 
988 
842

4 535 
437

64
456

2 098

31 9 173 1 056 0 2 7)8 6
31 4 12.1 1 049 3 2 775 0

S 2 3160 54C 0

1 6 730 0 1 946 76
1 3 952 9

1 516 3
2 223 3
J 935 5
1 605 3
1 745 4
1 227 0
1 097 8

340 13 1
19 9 7 7 671 2
55 4 21 4 674 2

2 5
24

1 0
9

490 8
411 7

1 5 6 54i 3 1 403 3
79 30 574 1 1 5H 7

7
8

3
3

1 0 
30

624 ] 
800 

112 4 
272 5

1 456 7 
213 3 
456 0 
699 J7 7 The Prnery CDP Doug1®* County.....................

SUMMARY POPULATION AND HOUSING CHARACTERISTICS

land jreo Persons —

All of sons
Square *'lo 

metrs
Square

rnnes
Squore klomrr

Sqlote
mwe

238 4 1 595 0 2 38C :
1 605 12 4 4 8 129 4 334 4
1 066 36 4 296 1 76 4

99 36 1 4 27 5 70 7
4 324 4 1 1 6 1 054 6 2 702 :

60 2 1 300 0 6CC:
8 854 IS 1 58 586 4 ' 526 6
1 020 106 4 1 96 2 246 5

465 30 11 155 0 421 :
550 2 1 2 750 0 5 50C 0

264 4 0 1 5 660 176:
434 1 7 7 255 3 62:

1 099 3 6 1 4 305 3 785 :
679 4 6 1 8 147 6 377 ;

2 666 10 5 4 1 253 9 65;.

27 195 18 1 70 1 50? 5 3 88!:
27 195 16 5 64 1 648 2 4 245:

- 1 S 6 - -

429 5 2 858 0 2 us:
656 1 8 7 364 4 93'
324 2 5 1 0 1296 324 :
673 8 3 841 3 2 :•

1 263 2 5 1 0 505 2 1 262 .
340 6 2 566 7 i 7cc:

69 4 1 172 5 69c:
2 718 29 5 11 4 75 2 194 t
5 977 14 5 56 412 2 1 06’ 2
1 025 20 8 512 5 i 26 :*

451 1 1 4 410 0 1 127;

644 71 8 292 7 8C5 ;
349 4 2 872 5 i 745:

1 207 60 2 3 201 2 524 •
1 871 2 1 8 091 0 2 3’? ■
1 480 78 30 109 7 4«2 2

29 9 3 32 2 Ofi -
1 403 20 8 701 5 1 752 5

658 30 1 2 219 3 5613
5 450 34 3 132 158 9 4 2 5

179 5 2 3510 8«: :

2 735 234 9 0 95 5 248 2
823 1 6 6 514 4 1 37 7

S3 7 3 75 7 17ft *
1 515 23 9 650 7 i 6«2:

244 29 1 1 84 1 22 t
1 640 38 6 •49 42 5 no

153 6 2 255 0 765:
19 m - • -

98 640 93 0 35 9 1 3606 2 7i7»
4 386 196 1 75 7 224 57 9

94 6 2 1567 470 C
2 278 10 4 4 0 219 c 569 5

98 1 8 7 54 4 iac ;
297 6 2 495 0 i *65 :

9 355 49 9 19 3 87 5 A&4 *
92 20 8 46 0 115;

423 4 5 1 8 94 0 235 ;
4 636 too 39 463 6 1 n0 '

371 1 2 5 267 5 64::
4 162 4 1 1 6 1 015 1 2 w; 3

341 6 2 568 3 i 735:
168 3 1 56C 0 i hi::
584 1 0 4 584 0 t 45-::

4 737 5 7 2 2 831 1 2 52 2
750 36 4 2C8 3 535 *
BOO 1 2 5 666 2 i hoc:

16 1 . 36C0 -
73 827 3* 2 14 8 622 6 1 609 *

83 9 3 203 3 610 C
111 8 3 226 3 603 2

106 5 2 2120 530 :
4 976 3 7 22 873 0 2 26 :

95 8 3 H8 8 3'e '
16 636 6 4 2 5 2 599 4 6 65* 4

1 095 1 4 5 782 ’ 2 >9C j
32? •05 15 6 0C 20 6
134 6 2 223 3 670 :

1 768 79 30 223 « ‘89 :•
716 20 9 358 C 095 *
481 1 4 5 343 6 962 :

1 449 4? 6 16 4 34 C 86 4
43 087 25 5 9 9 1 609 7 4 3S2 2

1 475 2.1 8 702 4 1 34! 3
104 3 1 34fc 7 1 340 :

6 695 23 3 90 288 6 74j 9
10 362 140 5 4 740 ' 1 9 0 *

5 854 7 6 2 9 770 2 2 VSt
649 1 2 5 540 0 1 29* :
332 1 0 4 252 3 630 :

255 9 3 36 27 4 70 !
255 8 2 3 2 31 i 79 7

- 1 0 4 - *
584 7 3 824 3 i 9*e *

1 309 1 7 7 770 0 1 67C 1
4 885 14 2 5 5 344 G 668 ;

COLORADO 101
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CHARACTERIZATION
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TASK BURLINGTON NORTHERN FUELING SITE - MISSOULA. MISSOULA. MONATANA 
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URS
URS CONSULTANTS, INC.

1099 18TH STREET, SUITE #700 
DENVER, COLORADO 80202-1907
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